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Sooner  or  later 
weaiiiiig  iiiiu  off  tlie  vent. 

Sowliviiol  make  it  sooner? 


f 


Weaning  protocols  that  use  capnography 
can  help  take  the  guesswork  out  of 
weaning  decisions. 

(  onsidering  the  time,  resources,  and  quality-of-care 
issues  involved  in  weaning  ventilated  patients,  the 
implications  are  clear.  When  the  process  of  weaning 
pjtients  from  the  ventilator  is  arbitrary,  it  creates  variability 
that  can  lead  to  increased  costs  and  reduced  efficiency. 
There  is  an  alternative.  Close,  continuous  monitoring 
of  end-tidal  CO^-as  part  of  a  weaning  protocol -provides 

timely  information  to  help 
you  gauge  your  patient's 
ability  to  be  weaned  off  the 
ventilator.  Instituting  a 
protocol  that  leads  to  fewer 
.ABGs  and  reduced  ventilator 
time  per  patient  can  save 
money,  potentially  improve 
quality  of  care,  help  reduce 
MLOS,  and  make  bed 
utilization  more  efficient. 


m 


With  the  iltiii  (up  imtnitDt,  the 
effects  of  ventilator  settiii)i\  i  iiii 
he  measured  breath  to  hreatli. 
rattier  than  after  the  10-  to  20- 
iiiiiiute  waits  associated  with 
hlood  fias  analysis. 


Make  the  Ultra  (^ap  monitor  a  part 
of  your  ventilator  weaning  process. 

Nellcor  Puritan  Bennett  can  help  you  integrate 
capnography  into  a  \ital  and  effective  weaning  protocol, 
lake  ad\antage  of  our  extensive  training  and  support 
materials,  including  our  comprehensi\e  collection  ot 
institutional  weaning  protocols.  .And  you  can  use  our 
Vllrii  CafJ'  capnograph  ami  puKc  oximeter  to  im|ilement 
a  protocol  of  \our  own. 

Because  when  it  comes  to  weaning  patients  oft  the 
\entilator,  we  think  you'll  agree-the  sooner,  the  better. 

For  more  information,  contact  your  local  representative 
or  call  1-800-NliLLCOR  or  510-463-4000.  (Call  our 
I  uropean  office  at  +31.73.426565  or  our  Asia/Pacific 
ottice  at +852.2529.0363.) 


NELLCOR 
PURITAN 
BENNETT 


Ullm  Cap  is  a  trademark  of  Nellcor  Puritan  Bennett  Inc. 
©  1995  Nellcor  I'uritan  Bennett  Inc.  All  rijihls  reserved. 
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AARC's  Professor's  Rounds  in  Respiratory  Care 


A  Live  Satellite  Broadcast  or  by  Viewfng  a  T 
WITH  A  Telephone  Question- and-Answer  Sessi 


Two  Ways  To  Earn  Continuing  Education  Credit 

Live  Satellite  Videoconference  Broadcast  •  Earn  continuing  education  credit  by  registeiing  for  the  live  program. 


or 


2.  Teleconference  •  Earn  continuing  education  credit  by  viewing  a  videotape  (provided  after  the  live 
broadcast)  and  participating  in  the  scheduled  live  Telephone  Question-and- Answer  Session. 


Clinical  Focus 

#  1  •  Management  of  Life-Threatening  Asthma 

with  David  J.  Pierson,  MD,  and  Richard  D.  Branson,  RRT 

•  Live  Broadcast  —  February  20,  12:30  p.m.  to  2:00  p.m. 

•  Teleconference  —  March  1 1,  12:30  p.m.  to  1:00  p.m. 
#2*  Managing  the  Vcutihlnr:  WImi  and  When 

with  Dean  R.  Hess,  PhD,  RRT,  and  Richard  D.  Branson,  RRT 

•  Live  Broadcast  —  April  2,  12:30  p.m.  to  2:00  p.m. 

•  Teleconference  —  April  22,  12:30  p.m.  to  1:00  p.m. 

»5»   Tl^enty  ami .'\p/>licatifiii  nj  \etmatal  \ 'entilatlun:  What.  When,  and  Wlyy 
with  Rob  Chatburn,  RRT,  and  Richard  D.  Branson,  RRT 

•  Live  Broadcast  —  August  27, 12:30  p.m.  to  2:00  p.m. 

•  Teleconference  —  September  16,  12:30  p.m.  to  1:00  p.m. 
^7*  Airu'av  Management:  Tricks  of  the  Trade 

with  Charles  G.  Durbin,  MD,  and  David  J.  Pierson,  MD 

•  Live  Broadcast  —  December  10,  12:30  p.m.  to  2:00  p.m. 

•  Teleconference  —  December  19,  12:30  p.m.  to  1:00  p.m. 


Respiratory  Care  Issues 

»3»  Managing  Demand  for  Respirator)'  Care  Services 

with  James  K.  Stoller,  MD,  and  Sam  Giordano,  MBA,  RRT 

•  Live  Broadcast  —  May  21,  12:30  p.m.  to  2:00  p.m. 

•  Teleconference  — June  10,  12:30  p.m.  to  1:00  p.m. 

«4»  Capturing  Rcspiratnn  Senices  Outside  the  fltispital  Part  I:  Home  Care 
with  Allan  B.  Saposnick,  MS,  RRT,  and  Sam  Giordano,  MBA,  RRT 

•  Live  Broadcast  — July  9,  12:30  p.m.  to  2:00  p.m. 

•  Teleconference  —  July  29,  12:30  p.m.  to  1  ;00  p.m. 

#6*  Capturing  Respiratoiy  Seii-ices  Outside  the  Hospital  IWt  II:  Subacute  Care 
with  Kevin  Cornish,  RRT,  and  Sam  Giordano,  MBA,  RRT 

•  Live  Broadcast  —  October  15,  12:30  p.m.  to  2:00  p.m. 

•  Teleconference  —  November  18,  12:30  p.m.  to  1:00  p.m. 

AU  times  listed  are  for  Eastern  Time  Zone. 


Accreditation  —  Each  staff  member  completing  CRCE  requirements  can  earn  one  continuing  education  credit  for  viewing  each  program  in  the  series  or  a  total 
of  seven  continuing  education  credits  for  viewing  the  entire  series.  Plowever,  participants  must  register  for  the  live  program  or  the  Telephone  Question-and- 
Answer  Session  in  order  to  receive  credit. 


Registration  —  Includes  technical  information,  proctor  guide,  continuing  education  packet,  certificate,  and  post  test. 

Live  Satellite  Broadcast       Single  Program  Six  Programs  Clinically  Focused  Programs 

Nonmember  $295  $780  $685 

AARC  Member  $260  $728  $635 

You  will  need  satellite  reception,  Ku  or  C  Band  capabilities,  and  a  television  monitor 


Kcspiratory  Care  Issues  Programs 

$550 
$485 


Teleconference  Single  Program         Six  Programs  Clinically  Focused  Programs  Respiralorv  Care  Issues  Programs 

Nonmember  $295  $780      '^  $685  $550 

AARC  Member  $260  $728  $635  $485 

A  videotape  of  the  program  will  be  provided  to  registered  teleconference  sites  after  the  live  program.  The  only  equipment  required  for  the  videotape  and 

Telephone  Question-and-Answer  Session  is  a  VHS  videocassette  player,  a  television  monitor,  and  a  telephone/speaker  phone  with  a  mute  button  or  conferencing 

unit.  IMPORTANT:  You  must  provide  the  telephone  number  of  the  room  where  the  videotape  will  be  viewed. 


Videotapes*  Single  Program         Seven  Programs  Clinically  Focused  Programs 

Nonmember  $295  $910  $685 

AARC  Member  $260  $850  $635 

''Videotape-only  subscribers  do  not  receive  continuing  education  credit. 

Group  Discounts''"-'  1  Facilitv  2-25  Sites  26-50  Sites 

No  Discount  25%  30% 

•■^'"'Discount  is  applied  to  each  site's  registration.  Discount  is  not  allowed  for  multiple  facilities  viewing  at  one  site. 
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$550 
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Registration 

Please  Register  My  Site  for  the  Following  Programs.  Check  the  Appropriate  Boxes  Below: 

l.D  Live  Satellite  Broadcast  Registration  or  D  Teleconference  Registration  or  D  Videotape  Only  (CE  Credit  Not  Available) 

2.  D  Six  Programs  D  Clinical  Programs  □  Respiratory  Care  Issues  Programs 
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Method  of  Payment     ^i  Check  (payable  to  AARC) 
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D  Purchase  Order  No. 


AARC  Member  Number  _ 

Institution 

Address 


Expiration  Date . 
Name 


Credit  Card:     D  Visa 
S 1 gn  atu  re 


n  MasterCard 


City/State/Zip . 


Telephone  Number  ( . 
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Teleconference  Q&A  participants,  please  provide  a  telephone  number  of  the  room  where  program  is  viewed.  Number  ( . 


Mail  registration  form  to:  American  Association  for  Respiratory  Care,  AARC  Videoco'     <-ences 
11030  Abies  Ln.,  Dallas,  TX  75229-4593  •  (214)  243-2272  •  Fax  (214)  484-2 


CPT  or  PEP? 

Which  secretion  clearance  therapy  is  best  for  your  patients? 


CPT: 

•  Effective  therapy.  Promotes  secretion  mobilizntion 
through  postural  drainage,  percussion  or  vibration. 

•  Can  be  difficult  to  tolerate.  May  exacerbate  dyspnea  in 
end-stage  CF  patients',  cause  pain  or  bruising  in  frail  COPD 
or  post-op  patients. 

•  Labor/time  intensive.  Single  CPT  session  can  last  up  to 
one  hour;  COPD  patients  may  require  as  many  as  four 
sessions  dailv. 

•  Restrictive.  Requires  a  pri\ate  en\ironment,  assistance  of 
second  person,  and  scheduling  around  daily  activities. 


Wliile  CPT  is  an  effective  technique  for 
mobilizing  secretions,  it  can  be  difficult  to 
tolerate  for  some  patients.  Tliat's  loliy  DHD 
davloped  ThcraPEP''— the  first  system  designed 
specifically  for  Positive  Expirnton/  Pressure  (PEP)  thernpii. 


M.iblmeister  MJ.  Fink  JB,  Hoffman  GL,  Fifer  LF,  "Positive.expiralory-pns.sure  mask  therapy; 
Tb-.vu  tical  and  IVaclical  Considerations  and  a  Re\'iew  of  the  Literature",  B^simlcnj  Oire,  1991; 


■  llMd. 

■nii'LirFF  i--  .1  Lcststered  trademark  of  Diemolding  Corporation. 


PEP: 

•  Effective  therapy.  Emplovs  positive  expiratorv  pressure  to 
improve  clearance  of  secretions  and  facilitate  opening  of  airways, 

•  Easy  to  tolerate.  May  reduce  need  for  postural  drainage. 
Commonly  prescribed  for  post-op  patients. 

•  Cost  efficient.  Can  be  performed  in  less  than  half  the  time 
required  for  conventional  CPT  session,  with  no  decrease  in 
quantitv  of  sputum  raised;  Allows  therapist  to  devote  more  time 
to  other  important  tasks.  Requires  onlv  one  or  two  initial  patient 
training  sessions. 

•  Helps  patient  maintain  effective 
continuum  of  care  away  from  hospital 

Coinenient,  easy-to-use  TheraPEP Svstem 
ensures  patients  can  continue  (heir  therapy 
after  they  depart  for  home. 


-  N 


^. 


TheraPEP  features  an  integral  Pressure      ^-— ^ 
Indicator  for  immediate,  visual  feedback;  six  orifice  options  for 
prescribing  the  appropriate  resistance  level;  and  a  \ersatile  design 
which  permits  use  with 
a  mask  or  mouthpiece. 
For  more  information 
on  TheraPEP  call 
DHD  toll-free  todav 


1-800-847-8000 

Circle  147  on  reader  service  card 
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Positive  Expiratorv  Pressure 

:"t"Ctx>.'JO  "Wi''«  Aft  OMSON 
CdnaMow,M  13032  USA  (315)697-22- 
Cuslomer  Service  FAX:  (315)  697-5191 


ra fry  System 


IAX(3I5)697-8(»3 
/www.<ihd,coin 
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How  To  Ensure  the  Continued  Resurgence  of  Tuberculosis  (viewpiniil  I — LB  Reichman.  Lancet 
IW6:347;175-177. 

Patients"  Preferences  and  Randomised  Trials  (Essay) — WA  Silverman,  DG  Almiaii.  Lancel  1  yy6;347: 
171-174. 

Cardiac  Pacing  (Review)— FM  Kusumolo.  N  GoldsLlilager.  N  Engl  J  Med  1996;334(2):89-98. 

Obstructive  Sleep  Apnea  (Current  Concepts) — PJ  Strollo  Jr.  RM  Rogers.  N  Engl  J  Med  1996;334(2); 
99-104. 

.Single-Breath  Carbon  Monovide  Diffusing  Capacity  (Transfer  Factor)  Recommendations  for 
a  Standard  Technique — 1995  I  pdate  l.Suienienl) — The  Ameiican  Thoracic  .Society.  .-Xm  J  Respir 
CritCare  Med  1 993;  152:21 85-2 19X. 


Survixors  of  Extracorporeal  Membrane  Oxy- 
genation at  I  Year  of  Age:  The  Relationship 
of  Primary  Diagnosis  Hith  Health  and  Neu- 
rodevelopmental  Sequelae — J  Bernbaum.  IP 
Schwartz.  M  Gerdes,  JA  D' Agostino,  CE  Cobiim. 
RA  Polin.  Pediatrics  1995;96(5):9()7. 

OBJECTIVE:  Although  extracorporeal  membrane 
oxygenation  (ECMO)  has  been  responsible  for 
the  iniprosed  survival  of  inl'anls  with  cardio- 
respiratory failure,  its  use  over  the  last  decade  has 
raised  concern  as  to  the  health  of  the  surv  Ivors 
and  the  severity  of  neurode\  elopniental  seque- 
lae. Though  infants  meeting  ECMO  critena  have 
a  variety  of  reasons  prompting  the  use  of  this  ther- 
apy, most  studies  to  dale  have  simply  reported 
outcome  on  the  entire  population  that  has  survived 
without  regard  to  the  original  nature  of  the  child's 
illness.  The  purpose  of  this  study  was  to  deter- 
mine the  type  and  extent  of  health-related  prob- 
lems and  neuriKle\  elopniental  sequelae  in  infants 
requiring  ECMO  therapy  and  the  association  of 
tliese  findings  with  the  infants'  primary'  diagnosis. 
METHODS:  Eighty-two  neonates  required 
ECMO  therapy  between  May  199()  and  December 
1993.  The  most  common  diagnoses  prompting 
ECMO  therapy  included  26'/;  w  ith  meconium  a-s- 
piration  syndrome.  34'f  with  congenital  di- 
aphragmatic hernia  (CDH),  \ti'i  with  persistence 
of  the  fetal  circulation,  and  99;  with  sepsis.  In- 
foniiation  concerning  the  hospital  course  was  ob- 
tained through  chart  review,  and  the  infants  were 
seen  at  6  and  1 2  months  of  age  for  medical  and 
neurodevelopmental  follow-up.  Data  were  ana- 
lyzed using  descriptive  statistics  and  Fisher's  exact 
test,  /-tests,  and  analysis  of  variance  where  ap- 
propriate. Assessment  of  hospital  course  and  dis- 
charge data  focused  on  the  4  main  diagnostic 


groups,  whereas  l'ollo\s-up  data  were  further  lim- 
ited to  the  2  most  fret.|ueiuly  encountered  groups 
(meconium  aspiration  syndrome  and  CDH  I.  RE- 
SULTS: Overall  survival  was  79'7c.  Significant 
differences  in  survival  were  noted  based  on  pri- 
mary diagnostic  category.  Those  with  CDH  fared 
the  worst,  with  an  overall  survival  rate  of  68'7f 
and  a  more  complicated  hospital  course  with  a 
longer  duration  of  ECMO.  Ai  discharge,  the  CDH 
group  demonstrated  a  greater  incidence  of  bron- 
choptilmonary  dysplasia,  gastroesophageal  retlux, 
feeding  dvsfunction,  and  hypotonia.  No  signif- 
icant differences  were  noted  in  the  incidence  of 
intrav  enlricular  hemoThage.  cerebral  infarction, 
extra-axial  fluid  collection,  or  seizures.  Hearing 
loss  was  uncommon.  During  the  first  year  of  life, 
although  no  differences  were  noted  in  growtli  rate, 
infants  in  the  CDH  group  continued  to  experience 
a  higher  incidence  of  gastroesophageal  retlux 
l43'/f )  and  feeding  dysfunction,  with  36"";  of  this 
group  requiring  tube  feedings  for  nourishment. 
Although  4()<;;  of  the  entire  ECMO  population 
was  diagnosed  with  bronchopulmonary  dyspla- 
sia before  initial  discharge,  by  1  year  of  age,  50';; 
of  those  with  CDH  versus  17";^  of  those  with 
meconium  aspiration  syndrome  continued  to  be 
clinicalK  s\  mptomatic.  Although  the  ECMO  pop- 
ulation as  a  w  hole  scored  in  the  nonnal  range  dc- 
velopmentally,  CDH  infants  had  significantly 
lower  motor  and  slightly  lower  cognitive  scores 
at  1  year  of  age.  Despite  finding  abnormal  mus- 
cle tone  in  a  high  percentage  of  the  entire  ECMO 
population  at  discharge,  most  demonstrated  res- 
olution by  1  year  of  age.  Of  the  CDH  infants,  how- 
ever. 15%  continued  to  evidence  some  degree  of 
hypotonicity.  which  alTected  acquisition  and  qual- 
ity of  gross  motor  skills.  CONCLUSION:  Despite 
the  impact  that  ECMO  has  had  on  the  survival 


of  infants  with  severe  respiratory  failure,  the  ef- 
ficacy of  ECMO  cannot  be  assessed  accurately 
w  ithout  an  analysis  of  the  extent  and  morbidity 
in  the  surviving  population.  Most  centers  are  re- 
porting relatively  low  morbidity  for  the  entire 
ECMO  population.  However,  upon  separating  this 
population  into  primary  diagnostic  categories,  we 
found  that  the  CDH  population  encountered  a 
greater  number  of  neurodevelopmental.  respi- 
ratory, and  feeding  abnormalities  during  the  first 
year  of  life.  The  reasons  for  these  differences  are 
unclear  but  may  be  related  to  the  severity  of  the 
primary  illness  itself  or  the  \ariables  associated 
with  prolonged  ECMO  therapy.  Stratifying  out- 
come by  primary  diagnosis  gives  the  health  care 
provider  more  information  to  improve  existing 
intervention  techniques  and  to  provide  parents  with 
more  accurate  counseling. 

.\  New  De\ice  for  Pleural  Drainage  in  Newborn 
Infants— B  Wood.  .\1  Dubik.  Pediatrics  1995:96 
(5):955. 

OBJECTIVE:  We  tested  a  chest  tube  device  and 
insertion  technique  designed  to  reduce  compli- 
cations and  expedite  effective  thoracostomy  tube 
placement.  METHODOLOGY:  This  is  a  case  se- 
ries study.  We  placed  chest  tubes  using  this  de- 
vice in  25  infants  ranging  in  weight  from  425  to 
3,5(X)  g.  This  investigation  was  peifoniied  in  a  re- 
gional referral  center  neonatal  intensive  care  unit. 
RESULTS:  Using  this  device,  chest  tube  inser- 
tion was  safe  and  cffecti\  e.  -No  complications  were 
identified.  CONCLUSION:  We  believe  percu- 
taneous placement  of  small-bore  pigtail  catheters 
using  this  technique  represents  a  useful  alterna- 
tive to  the  standard  approach  of  thoracostomy  tube 
placement  in  small  infants.  SYNOPSIS:  To  reduce 
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complications  during  ihoracoslomy  tube  place- 
ment and  to  expedite  tube  insenion.  we  modified 
a  chest  tube  device  for  use  in  premature  infants. 
This  technique  and  device  facilitates  quick  and  ac- 
curate placement.  We  placed  che.st  tubes  using  this 
device  in  2.'i  infants  ranging  from  425  to  3,500  g. 
Using  this  device,  chest  tube  insertion  is  quick, 
easy,  and  safe.  No  complications  were  identified. 
We  belie\  e  percutaneous  placement  of  small-bore 
pigtail  catheters  using  this  technique  represents 
a  useful  alternative  to  the  siarnlard  approaches  of 
thoracostonn  tube  placement  in  small  infants. 

The  Response  of  Flow-Triggered  Infant  Ven- 
tilators— M  Nishimura.  D  Hess,  RM  Kacmarek. 
Am  J  RespirCritCareMed  19y5;152:190l. 

Hatienl-tnggered  ventilation  ( PTV  i  has  not  been 
feasible  lor  infants  because  ol  large  trigger  pres- 
sures and  long  delay  times  w  ith  pressure-triggered 
systems.  Recently.  4  infant  ventilators  with  How 
tiiggering  have  become  available.  We  questioned 
if  delay  times,  trigger  pressures,  and  trigger  work 
with  these  ventilators  would  be  acceptable  far  PTV 
in  infants.  .Ml  ventilators  were  attached  \  ia  3-,  4- 

and  5-mm  endotracheal  tubes  to  a  spontaneously 
breathing  infant  lung  model.  The  lung  simulator 
was  set  at  an  inspiratory  time  of  0.65  s,  tidal  vol- 
ume of  1 5,  .^0,  and  45  niL,  and  0  and  5  cm  H:0 
positive  end-expiratory  pressure  (PBKP).  Delay 
time,  trigger  pressure,  and  trigger  work  were  de- 
termined from  pressure  measured  at  the  proximal 
airway,  trachea,  and  alveolus.  There  were  sig- 
nificant differences  between  the  endou-acheal  tube 
sizes,  sites  of  measurement,  ventilatory  demand 
and  ventilator  brand  at  each  PEHP  level  for  dela\ 
time,  trigger  pressure,  and  trigger  work  (p  <  0.001 1. 
Delay  time  was  greatest  with  the  .3-mm  endo- 
tracheal tube  at  high  \entilatory  drive  (maximum 

138,2  ±2. 1  [lis).  Both  trigger  pressure  (minimum 
0.23  +  0.02  cm  H:0)  and  trigger  work  ( minimum 
0.05  ±0.01  g  •  mL)  increased  with  decreasing  en- 
dotracheal tube  size,  increasing  ventilatory  de- 
mand, use  of  PEEP,  and  site  of  measurement:  alve- 
olus >  trachea  >  airway  (maximum:  trigger 
pressure  5.04  ± 0.02  cm  H:0;  trigger  w(irk  1 14.48 
±  0.88  g  ml,).  ITV  may  not  be  appropriate  under 
conditions  of  increased  ventilatory  driv  c  and  small 
endotracheal  tube  si/e  m  inlants. 

Score  for  Neonatal  Acute  I'hysiolony:  \  ali- 
dation  in  Ihree  Kaiser  Pernuinenle  Neonatal 
Intensive  Care  I  nits — GJ  l-.scobar,  A  lischer, 
DK  l.i,  R  Kremers,  ,V1.\  .■\rmslrong.  Pediatrics 
1995:96(5):918. 

BACKGROUND:  Measurement  of  the  severity 
of  illness  is  a  research  area  of  growing  importance 
in  neonatal  intensive  care.  Most  severity  of  illness 
scales  have  been  developed  in  tertiary  care  set- 
lings.  Their  applicability  in  community  neonatal 
intensive  care  units  has  not  been  tested.  OB- 
JECTIVES: Our  goal  was  to  assess  the  operational 
ch.Tracterislics  of  the  score  for  neonatal  acute  phys- 


iology (SNAPl:  the  relationship  to  birth  weight, 
the  length  of  total  hospital  stay,  and  in-hospital 
mortality.  METHODS:  We  a-ssigncd  SNAP  scores 
prospectively  to  all  inborn  admissions  at  3  com- 
munity neonatal  intensive  care  units  during  an  1 1  - 
month  period.  Data  on  other  neonatal  predictors 
(eg.  birth  weight  and  the  presence  of  congenital 
heart  disease  I  were  also  collected.  We  measured 
in-hospii;il  mortality .  tlie  experience  of  interhospital 
transport  to  a  higher  le\el  of  care,  and  total  hos- 
pital slay.  RESULTS:  We  found  that  the  SNAP'S 
relationship  to  birth  weight  was  similai"  to  previous 
reports.  The  SN.\P's  perinatal  extension  is  a  re- 
liable predictor  of  newborn  in-hospital  mortali- 
ty, with  an  area  under  the  receiver  operator  char- 
acteristic curve  of  0.95.  The  SNAP  is  also  a  good 
predictor  of  total  hospital  length  of  stay,  whether 
by  itself  (by  which  it  can  explain  31"*  of  the  total 
stay)  or  in  combinaticm  with  other  sariables.  Its 
predictive  ability  is  better  among  infants  of  low 
birth  weight «  2.5(K)  g)  than  among  those  of  nor- 
mal birth  weight  (>  2.500  g).  The  SNAP's  pre- 
dictive power  was  most  limited  among  infants  ad- 
mitted to  rule  out  sepsis.  The  predictive  ability  of 
a  model  containing  birth  weight,  the  SNAP,  and 
transport  status  was  not  improved  by  the  inclu- 
sion of  2  major  diagnostic  categories,  the  pres- 
ence of  congenital  heart  disease  or  complex  ill- 
ness. CONCLUSION:  Although  it  has  definite 
limitations  among  infants  w ho  weigh  2,500  g  or 
more,  the  SNAP  is  a  potent  tool  for  outcomes  re- 
search. Modification  of  some  of  its  parameters 
could  result  in  a  multifunctional  scale  suitable  for 
use  with  all  birth  weights. 

Iiihacco  Inforiiiatiiin  in  I  wo  (;rade  School 
Newsweeklies:  .\  Content  .Analysis — ED  Bal- 
bach.  SA  Giant/.  Am  J  Public  Health  1995:85 
( 1 2i:  1(1.50. 

OBJECTIVES:  This  study  compared  tobacco-re- 
lated articles  from  2  elementary  school  publica- 
tions. Weekly  Reader  and  Scholastic  Nen:s.  pub- 
lisheil  in  1989  through  1994.  METHODS:  Articles 
for  grades  4  through  6  were  e\ aluated.  and  the  pub- 
lications were  compared  with  each  other.  Also, 
issues  of  Weekly  Reader  published  after  acqui- 
sition by  K-lIl.  which  is  owned  by  the  firm  that 
formerly  owned  RJR  Tobacco,  were  compared 
with  the  earlier  ones.  RESULTS:  Weekly  Read- 
er was  less  likely  than  Scholastic  Nevi-s  to  men- 
tion short-term  consequences  of  smoking  (32% 
vs  M'/c)  or  to  give  a  clear  "no-use"  message  (35% 
vs  79%),  Weekly  Reader  was  more  likely  to  give 
the  tobacco  industry  position  (68%  vs  32%).  Post- 
K-111  issues  of  Weekly  Reader  were  less  likely  to 
provide  a  clear  no-use  message  than  earlier  ones 
(62%  vs  24% ).  CONCLUSIONS.  Health  pro- 
fessionals need  to  monitor  the  healtli  information 
carried  in  these  publications,  which  reach  between 
1  and  2  million  students  per  grade  level  each  week. 
Although  neither  publication  had  perfect  tobac- 
co co\  erage.  Scholastic  News  was  significantly 
better  than  Weekh  Reader. 


Effectiveness  of  Bystander  Cardiopulmonary 
Kesuseitation  and  Sur\i\al  hollowing  Out-of- 
Hospital  Cardiac  ,\rrest — ES  Gallagher.  G  Lom- 
bardi.  P  Gennis.  JA.VIA  1995:274: 1922. 

OBJECTIVE:  To  examine  the  independent  re- 
lationship between  effectiveness  of  bystander  car- 
diopulmonary  resuscitation  (CPR)  and  survival 
following  oul-of-hospital  cardiac  arrest.  DESIGN: 
Prospecli\e  obscrv ational  cohort.  SETTING:  New 
York  City.  PART1CIP.-\NTS:  A  total  of  2,071  con- 
secutive out-of-hospital  cardiac  arrests  meeting 
Utstein  criteria.  INTERVENTION:  Trained  pre- 
hospital personnel  assessed  the  quality  of  bystander 
CPR  on  arrival  at  the  scene.  Satisfactory  execu- 
tion of  CPR  required  performance  of  both  ade- 
quate compressions  and  ventilations  in  confor- 
mity w  ith  current  .American  Heart  Association 
guidelines.  MAIN  OUTCOME  MEASURE:  Ad- 
justed ass(x:ialion  between  CPR  effecti\eness  and 
survival.  Survival  was  defined  as  discharge  from 
hospital  to  home.  RESULTS:  Outcome  was  de- 
termined on  all  members  of  the  inception  cohort — 
none  were  lost  to  follow-up.  When  the  associa- 
tion between  bystander  CPR  and  survi\'al  was 
adjusted  for  effectiveness  of  CPR  in  the  parent 
data  set  { n  =  2.07 1 ).  only  effective  CPR  w  as  re- 
tained in  the  logistic  model  (adjusted  odds  ratio 
[OR]  =5.7;  95%  confidence  interval  |C1|.  2.7  to 
12.2;  p  <  0.001 1.  Of  the  subset  of  662  individu- 
als (32% )  who  recei\'ed  bystander  CPR.  .305  (46%^) 
had  it  performed  effectively.  Of  these,  4,6% 
( 14/305)  survived  vs  1.4%  (5/357)  of  those  with 
ineffective  CPR  (OR  =  3.4: 95%'  CL  1 . 1  to  1 2. 1 : 
p  <  0.02 ).  After  adjustment  for  witness  status,  ini- 
tial rhythm,  interval  from  collapse  to  CPR.  and 
interv  al  from  collapse  to  advanced  life  support, 
effectiv  e  CPR  remained  independently  assiK'iated 
with  improved  sur\ i\al  (adjusted  OR  =  3.9;  95% 
CI.  1.1  to  14.0;  p<  0.04).  CONCLUSION:  The 
association  between  bystander  CPR  and  survival 
in  out-of-hospital  cardiac  arrest  appears  to  be  con- 
founded by  CPR  quality.  Effective  CPR  is  in- 
dependently ass(K-iated  with  a  quantitatively  and 
statistically  significant  improvement  in  survival. 

Hospital  and  l-\  ear  Survival  of  Patients  Ad- 
niitled  In  Intensive  I  are  I  nils  with  \ciile  Kx- 
acerbalion  of  (  hronie  ( )hslrueliv  e  I'ulnumar) 
Disease— MG  Senefl,  DP  Wagner,  RP  Wagner. 
JE  Zimmerman.  WA  Knaus.  JAMA  1995:274 
(23):  1852. 

OBJECTIVE:  To  describe  outcomes  and  iden- 
tify variables  associated  with  hospital  and  1-year 
survival  for  patients  admitted  to  an  intensive  care 
unit  I ICU )  with  an  acute  exacerbation  of  chron- 
ic obstructiv  e  pulmonary  disease  (COPD).  DE- 
SIGN: Prospective,  multicenter.  inception  cohort 
study.  SETTING:  I-orty-two  ICUs  al  40  US  hos- 
pitals. PATIENTS:  A  total  of  362  admissions  for 
COPD  exacerbation  sclc-ctcd  from  the  Acute  Phys- 
iology and  Chronic  Health  Ev  aluation  (APACHE) 
III  database  of  17,440  ICU  admissions.  MEA- 
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"Clinicians,  parents  and  pediatric  patients  can  be  confident  of  improved 
delivery  of  MDI  medications  to  the  lungs.  This  is  accomplished  while 
allowing  ease  of  inhalation  and  exhalation,  reduction  of  dead  space  in  the 
mask  and  maintaining  a  proper  fit  and  seal  around  the  mouth  and  nose. 
Even  patients  with  low  inspiratory/expiratory  pressures  and  flow  rates 
can  effectively  use  the  dual  valve  AeroChambers'^  with  Masks'  (see  charts 
below,  left). 

The  AeroChambei®  with  Mask  is  a  cost  effective'  and  portable  system,  with 
accelerated  delivery  capability^  and  a  choice  of  two  sizes  of  mask,  small  and 
medium.  You  can  now  provide  greater  patient  comfort,  use  of  a  broader 
range  of  current  aerosol  medications  and  realize  a  faster  therapeutic 
response.^  Additionally,  the  AeroChamber®  system  will  use  less  medication 
when  compared  to  current  Small  Volume  Nebulizer  (SVN)  Therapy.^ 
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SUREMENTS  &  RESULTS:  Hospital  mortal- 
ity for  the  362  admissions  was  24'/r.  For  the  167 
patients  aged  65  years  or  older,  mortality  was  30% 
at  hospital  discharge.  4 1 9t  at  90  days.  47%  at  180 
days,  and  59%  at  1  year.  Median  survival  for  all 
patients  was  224  days,  and  median  survival  for 
the  patients  who  died  within  I  year  was  30.5  days. 
On  multiple  regression  analysis,  variables  as- 
sociated with  hospital  mortality  included  age. 
severity  of  respiratory  and  nonrespiratory  organ 
system  dysfunction,  and  hospital  length  of  stay 
before  ICU  admission.  Development  of  non- 
respiratory organ  system  dysfunction  was  the 
major  predictor  of  hospital  mortality  (60%  of  total 
explanatory  power)  and  18()-day  outcomes  (54% 
of  explanatory  power).  Respiratory  physiologi- 
cal variables  (respiratory  rate,  serum  pH.  Pjco;- 
PaCfc.  luid  aI\'eolar-arteri;il  difference  in  p;irtial  pres- 
sure of  oxygen  |Pao;-PjO;I>  indicative  of  ad- 
vanced dysfunction  were  more  strongly  associ- 
ated with  180-day  mortality  rates  (22%  of 
explanatory  power)  than  hospital  death  rates  (4%; 
of  expUuiatory  power).  After  controlling  for  sever- 
ity of  illness,  mechanical  ventilation  at  ICU  ad- 
mission was  not  associated  w  ith  either  hospital 
mortality  or  subsequent  survival.  CONCLU- 
SIONS: Patients  with  COPD  admitted  to  an  ICU 
for  an  acute  exacerbation  have  a  substantial  hos- 
pital mortality  (24%).  For  patients  aged  65  years 
or  older,  mortality  doubles  in  I  year  from  30% 
to  59%.  Ho.spital  and  longer-term  mortality  is 
closely  associated  with  development  of  nonres- 
piratory organ  system  dysfunction;  se\'erity  of  the 
underlying  respiratory  function  substantially  in- 
fluences mortality  following  hospital  discharge. 
The  need  for  mechanical  ventilation  at  ICU  ad- 
mission did  not  influence  either  short-  or  long- 
term  outcomes.  Physicians  should  be  aware  of 
these  relationships  when  making  treatment  de- 
cisions or  evaluating  new  therapies. 

I,o«-Dnse  Nebulized  Morphine  Docs  Not  Im- 
prove Kxercise  in  Interslitiiil  l.iing  Disease — 

."XO  Harns-E/e.  G  Sndhar.  Rli  Clemens.  lA  Zin- 
tel.  CG  Gallagher.  DD  Marciniuk.  .'^m  J  Respir 
CritCare  Med  1995:152:1940. 

Recent  reports  have  suggested  that  low-dose  neb- 
ulized morphine  may  improve  exercise  tolerance 
in  patients  with  interstitial  lung  disease  (ILD)  by 
acting  on  peripheral  opioid-sensitivc  pulmonary 
receptors.  We  therefore  examined  w  hcther  the  ad- 
ministration of  low-dose  nebulized  morphine 
u  ould  inllucnce  dyspnea  or  the  breathing  pattern 
during  exercise  of  subjects  w  ith  ILD  and  impro\  c 
their  exercise  performance.  Each  of  6  subjects  with 
ILD  underwent  3  maximal  incremental  cycle  er- 
gomeier  tests,  each  test  separated  from  the  last  by 
at  least  3  days.  Each  exercise  test  was  similar  ex- 
cept that  30  minutes  before  exercise,  the  subjects 
received  nebulized  saline  (control),  morphine  2.5 
nig.  or  moiphinc  5.0  mg.  respectively,  in  double- 
blinded  fashion.  No  significant  differences  were 
noted  in  exercise  duration,  niaxnnal  workload,  or 


sense  of  dyspnea  at  the  end  of  exercise  in  the  con- 
trol test  and  the  tests  w  ith  either  morphine  2.5  mg 
or  morphine  5.0  mg.  Nor  were  significant  dif- 
ferences noted  in  resting,  submaximal.  or  end-ex- 
ercise measurements  of  oxygen  uptake  (Vq;),  car- 
bon dioxide  output  (Vco,).  end-tidal  CO;  (Pfc-rcft). 
oxygen  saturation  (S^o;),  minute  ventilation  (V]). 
respiratory  frequency  (f).  tidal  volume  (Vj).  or 
heart  rate  (HRl  in  the  3  tests.  Low -dose  nebulized 
morphine  did  not  alter  the  subjects'  breathing  pat- 
terns or  affect  the  relationship  between  dyspnea 
and  ventilation  during  exercise.  No  significant  side 
effects  were  noted.  The  administration  of  low-dose 
nebulized  morphine  to  subjects  with  ILD  neither 
relieves  their  dyspnea  during  exercise  nor  improves 
their  maximal  exercise  perlormance. 

Sleep-Disordered  Breathing  in  .'Vfrican-Amer- 
ican  Elderly— S  Ancoli-lsrael.  MR  Klauber.  C 
Stepnowsky.  E  Estline.  A  Chinn.  R  Fell.  Am  J 
Respir  Crit  Care  Med  1995: 152: 1946. 

Although  sleep-disordered  breathing  (SDB)  has 
been  shown  to  be  very  prevalent  in  the  elderly, 
little  has  been  done  to  examine  differences  between 
the  elderly  of  different  racial  groups.  It  has  been 
well  documented  that  SDB  often  results  in  hy- 
pertension ;uid  that  hypertension  is  more  common 
in  African-Americans  than  in  Caucasians.  There- 
fore, one  might  suspect  that  SDB  might  be  more 
common  in  .African- Americans.  Caucasians  (n  = 
346)  and  African-Americans  (n  =  54)  older  than 
65  years  of  age  were  studied.  African- Americans 
reported  less  satisfaction  with  sleep  (p  =  0.0 17). 
more  difficulty  falling  asleep  (p  <  0.001 1,  more 
daytime  sleepiness  (p  =  ().()()14l.  and  more  fre- 
quent morning  headaches  (p  =  0.0043 1.  .M'rican- 
Aniericans  napped  O.S  titnes  more  frequently  per 
evening  ( p  =  0.05 )  and  1 1  minutes  longer  per  nap 
(p  =  0.019)  than  did  Caucasians,  and  they  showed 
a  trend  toward  more  total  sleep  time  (428  vs  408 
niin).  Of  greater  interest  was  the  fact  that  inore 
Alrican-Americans  had  severe  SDB  with  a  rel- 
ative risk  twofold  as  great  (relative  risk  =  2.13) 
as  that  for  Caucasians,  which  was  confirmed  in 
a  logistic  regression  analysis  where  race  was  as- 
sociated with  the  presence  of  SDB  (RDI  >  30)  in- 
dependent i>l  age.  sex.  and  body-mass  index.  'Ilie 
mean  RDI  for  those  African-Americans  with  se- 
vere SDB  was  significantly  higher  than  thai  for 
Caucasians  (72.1  vs  43.3;  p  =  0.014). 

The  Impact  of  Kxercise  Recondilloninf;  on 
Hreathlevsness  in  Se\ere  Chronic  Airflow  Lim- 
itation -DE  O'Donnell.  M  McCiuire.  L  Samis. 
KA  Webb.  Am  J  Respir  Cril  Care  Med  1995: 
152:2005. 

Exercise  in  chronic  airflow  limitation  (CAL)  is 
often  limited  by  symptoms  before  the  physiologic 
boundaries  of  maximal  ventilatory  or  cardiovas- 
cular capacities  are  attained.  Symptom  amelio- 
ration should  translate  directly  into  impro\ed  ex- 
ercise performance.  Wc  studied  the  impact  of  a 


6-week  super\  ised  multimodality  endurance  ex- 
ercise program  I  EXT)  on  percei\ed  breathless- 
ness  (B)  and  leg  effort  (LE)  and  sought  a  phys- 
iologic rationale  for  symptom  improvement.  Thirty 
patients  with  CAL  (FEV|/FVC  =  42  ±  2%,  mean 
+  SEM)  were  tested  before  and  after  EXT.  Their 
responses  were  compared  w  ith  those  of  a  matched 
conuxil  group  (n  =  30;  FEV|/FVC  =  44  +  2%)  after 
a  nonintervention  period.  Testing  included  pul- 
monary function  tests,  chronic  dyspnea  evalua- 
tion (Baseline/Transition  Dyspnea  Index  |BDI/ 
TDI]).  and  graded  cycle  exercise  with  cardio- 
ventilatory  monitoring  and  Borg  scaling  of  B  and 
LE.  Spirometiy  did  not  change  (A)  posl-EXT.  EXT 
significantly  (p  <  0.001 )  reduced  chronic  breath- 
lessness  (TDI  =  +2.8  ±  0.3)  compared  w  ith  con- 
trol (TDI  =  0.0  ±  0.3).  Exertional  symptoms  of 
B  and  LE  also  fell  (p  <  0.01 )  after  EXT  (slopes 
of  B  and  LE  relative  to  Vq:  fell  by  14  and  23%. 
respectively;  AB/Vq;  was  associated  with 
ALE/Vo:.  r  =  0.52.  p  <  0.01 ).  Posi-EXT  slopes 
of  B  over  ventilation  ( Vt)  also  decreased  by  1 0% 
(p  <  0.025).  Total  cycle  work  increased  142  ±  70% 
(p  <  0.(X)1 )  post-EXT  and  correlated  primarily  with 
AB/Vo:  ( r  =  -0.64.  p  <  0.00 1 ).  The  best  con-elate 
of  AB/V„.  was  AVh/Vo;  (r  =  0.47.  p  <  ().(X)1 ).  Vg 
fell  in  proportion  to  Vco:  ^l  s  standardized  work 
rate  ( r  =  0.9 1 .  p  <  ().(K)  1 ).  whereas  efficiency  iin- 
proved  ( V()./work  rate  slopes  fell  1 2% .  p  <  0.01 ). 
In  conclusion,  supen  ised  EXT  effectively  relieved 
both  chronic  and  acute  activity-related  breath- 
lessness  in  CAL.  and  thereby  improved  exercise 
tolerance.  Relief  of  breathlessness  was  related  to 
a  fall  in  ventilatory  demand  during  exercise  as  a 
result  of  enhiuiced  mechanical  efficiency.  Reduced 
B  for  a  given  V|.  after  E.XT  may  occur  in  part  as 
a  result  of  increased  tolerance  to  the  sensory  per- 
turbations that  induce  breathlessness  in  CAL. 

Bencllcial  Effects  of  the  "Open  l.iinn  \p- 
proach"  with  Low  Distendin;;  Pressures  in 
Acute  Respiratory  Distress  Syndrome:  A 
Prospective  Randomized  .Study  on  Mechani- 
cal Ventilation— MBP  .Amato.  CSV  Barbas, 
DM  Medcnos.  GDP  .Schettino.  GI.  Filho. 
RA  Kairalla.  D  Deheinzelin.  C  Morals.  ED  Fer- 
nandes.  TY  Takagaki.  and  CRR  De  C;ir\alho.  Am 
J  RespirCrit  Care  Med  1995;152(6):1835. 

Alveolar  overdistention  and  cyclic  reopening  of 
collapsed  alveoli  have  been  implicated  in  the  lung 
damage  found  in  animals  submitted  to  artificial 
\entilation.  To  lest  whether  these  phenomena  are 
impairing  the  recovery  of  patients  with  acute  res- 
piratory distress  syndrome  (ARDS)  submitted  to 
conventional  mechanical  ventilation  (MV),  we 
evaluated  the  impact  of  a  new  ventilatory  strat- 
egy directed  at  minimizing  "cyclic  parenchymal 
stretch."  After  recei\  ing  pre-established  levels  of 
henwxiynamic.  infectious,  and  general  care.  28  pa- 
tients with  early  ARDS  were  randomly  assigned 
to  receive  either  MV  based  on  a  new  approach 
( N  A.  consisting  of  maintenance  of  end-expiratory 
pressures  above  the  lower  inflection  point  of  the 
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P  X  V  curve.  Vy  <  6  niL/kg.  peak  pressures  <  40 
cm  H^O.  permissive  hypercapnia.  and  stepwise 
utilization  of  pressure-limited  modes)  or  a  con- 
ventional approach  (C  =  conventional  \olume-cy- 
cled  sentilation.  Vj  =  12  mlVkg.  minimum  PEEP 
guided  by  Fio;  and  hemodynamics  and  normal 
PjCO:  levels).  Fifteen  patients  were  selected  to  re- 
ceive NA,  exhibiting  a  better  evolution  of  the 
PaO;/Fio;  ratio  (p  <  0.0001 )  and  of  compliance  (p 
=  0.001 8).  requiring  shoner  periods  under  F|0;  > 
50'7c  (p  =  0.001 )  and  a  lower  Fio:  at  the  day  of 
death  (p  =  0.0002).  After  correcting  for  baseline 
imbalances  in  APACHE  II.  we  observed  a  high- 
er weaning  rate  in  N,\  (p  =  0.014)  but  not  a  sig- 
nificantly improved  survival  (overall  monality: 
.V 1 5  m  NA  vs  7/13  in  C.  p  =  0.45 ).  We  concluded 
that  the  NA  ventilatory  strategy  can  markedly  im- 
prove the  lung  function  in  patients  with  ARDS. 
increasing  the  chances  of  early  weaning  and  lung 
recovery  during  mechanical  ventilation. 

Inhaled  and  Oral  Corticosteroids:  Their  Ef- 
fects on  Bone  Mineral  Density  in  Older 
,\dults — JF  Marystone.  EL  Barrett-Connor.  DJ 
Monon.  Am  J  Public  Health.  1995:S5(  12):169.V 

Use  of  oral  and  inhaled  corticosteroids  and  bone 
mineral  density  were  examined  cross-sectional - 
ly  in  1673  community-dwelling  white  subjects 
aged  56  to  91  years.  Bone  mineral  densities  at  the 
ullradistal  and  midshaft  radii,  hip.  ;ind  lumbar  spine 
were  compared  in  users  of  inhaled  (n  =  34)  and 
oral  (n  =  44)  corticosteroids  ;ind  nonusers.  Women 
who  used  oral  corticosteroids  had  significantly 
lower  bone  mineral  densities  at  the  midshaft  ra- 
dius, hip.  and  spine  than  never  users.  Women  who 
used  inhaled  corticosteroids  had  bone  mineral  den- 
sities at  the  ultradistal  radius,  hip,  and  spine  that 
were  intermediate  between  those  of  oral  corti- 
costeroid users  and  tliose  of  never  users.  Bone  min- 
eral density  did  not  vary  significantly  according 
to  corticosteroid  use  in  men. 

Muscle  Strength,  Symptom  Intensity,  and  Ex- 
ercise Capacity  in  Patients  with  Cardiorespi- 
ratory Disorders — AL  Hamilton.  KJ  Killian, 
E  Summers.  NL  Jones.  Am  J  Respir  Crit  Care  Med 
1995:152:2021. 

The  contribution  of  muscle  strength  to  symptom 
intensity  and  work  capacity  was  examined  in  nor- 
mal individuals  and  patients  with  cardiorespira- 
tory disorders.  Respiratory  muscle  strengths  ( max- 
imal inspiratory  and  expiratory  pressures)  and 
peripheral  muscle  strengths  (leg  extension,  leg  flex- 
ion, seated  bench  press,  and  seated  row)  were  mea- 
sured in  4,617  subjects  referred  for  clinical  ex- 
ercise testing.  Subjects  then  rated  the  intensity  of 
leg  effort,  discomfort  w  ith  breathing  (dyspnea), 
and  chest  pain  (Borg  scale)  during  an  incremental 
exercise  task  ( 100  kp  ni  niin" '  each  minute)  to 
capacity  on  a  cycle  ergometer.  Subjects  were  clas- 
sified into  groups  on  the  basis  of  pulmonary  func- 
tion, drug  therapy  for  cardiac  disorders,  and  the 


presence  of  chest  pain  during  exercise  w  ith  elec- 
trocardiographic changes  indicative  of  myocar- 
dial ischemia.  Respiratory  and  peripheral  mus- 
cle strengths,  nomialized  for  differences  in  age. 
sex.  and  height,  were  significantly  reduced  in  pa- 
tients w  ith  cardiorespiratory  disorders  compared 
with  nonnal  individuals.  Muscle  strength  was  a 
significant  contributor  to  symptom  intensity  and 
work  capacity  in  both  health  and  disease:  a  2-fold 
increase  in  muscle  strength  was  associated  with 
a  25  to  309^  decrease  in  the  intensity  of  both  leg 
effort  and  dyspnea  and  a  1 .4-  to  1 .6-fold  increase 
in  work  capacity.  These  results  emphasize  the  need 
for  an  integrative  approach  in  the  assessment  and 
therapeutic  management  of  exercise  intolerance, 
which  considers  the  conuibution  of  muscle  w  e;ik- 
ness  to  excessive  symptoms  and  reduced  work  ca- 
pacity, in  addition  to  the  contribution  of  ventilatory, 
gas  exchange,  and  circulatory  impairments. 

Passive  Smoking  and  Impaired  Endothelium- 
Dependent  .Arterial  Dilatation  in  Healthy 
Young  Adults— DS  Celermajer.  MR  Adams.  P 
Clarkson.  J  Robinson,  R  McCredie.  A  Donald.  JE 
Deanfield.  N  Engl  J  Med  1996:3.34:  L5() 

BACKGROUND:  Passive  smoking  has  been 
linked  to  an  increased  risk  of  dying  from 
atherosclerotic  heart  disease.  Since  endothelial 
dysfunction  is  an  early  feature  of  atherogenesis 
and  occurs  in  young  adults  who  actively  smoke 
cigarettes,  we  hypothesized  that  passive  smok- 
ing might  also  be  associated  with  endothelial  dam- 
age in  healthy  young-adult  nonsmokers.  METH- 
ODS: We  studied  78  healthy  subjects  (39  male 
and  39  female)  15  to  30  years  of  age  (mean  ±  SD. 
22  ±  4):  26  control  subjecLs  who  had  never  smoked 
or  had  regular  exposure  to  environmental  tobacco 
smoke,  26  who  had  never  smoked  but  had  been 
exposed  to  en\  ironmental  tobacco  smoke  for  at 
least  1  hour  daily  for  3  or  more  years,  and  26  ac- 
tive smokers.  Using  ultrasonography,  we  mea- 
sured the  brachial-artery  diameter  under  base-line 
conditions,  during  reactive  hyperemia  (with  How 
increase  causing  endothelium-dependent  dila- 
tation), and  after  sublingual  administration  of  ni- 
u-oglycerin  (an  endothelium-independent  dilator). 
RESULTS:  Flow-mediated  dilatation  was  ob- 
served in  all  control  .subjects  (8.2  ±  3. 1'/r:  range. 
2.1  to  16.7)  but  was  significantly  impaired  in  the 
passive  smokers  (3.1  ±2.7%:  range.  0  to  9:  p  < 
0.001  for  the  comparison  with  the  controls)  and 
in  the  active  smokers  (4.4  ±3.1%  range.  0  to  10; 
p  <  0.001  for  the  comparison  with  the  controls: 
p  =  0.48  for  the  comparison  with  the  passive  smok- 
ers). In  the  passive  smokers,  there  was  an  inverse 
relation  between  the  intensity  of  exposure  to  to- 
bacco smoke  and  flow-mediated  dilatation  (r  = 
-0.67,  p  <  0.001 ).  In  contrast,  dilatation  induced 
by  nitroglycerin  was  similar  in  all  groups.  CON- 
CLUSIONS: Passive  smoking  is  associated  with 
dose-related  impairment  of  endothelium-de- 
pendent dilatation  in  healthy  young  adults,  sug- 
gesting early  arterial  damage. 


Oxygen  Cost  of  Breathing  in  Patients  with  Em- 
physema or  Chronic  Bronchitis  in  .\cute  Res- 
piratory Failure — V  Jounieaux.  1  Mayeux.  Am 
J  Respir  Crit  Care  Med  1 995: 1 52:2 1 8 1 . 

This  study  compared  the  oxygen  cost  of  breath- 
ing (Vo:  resp)  in  19  patients  with  severe  chron- 
ic obstructive  pulmonary  disease  intubated  for 
acute  respiratory  failure.  Ten  patients  showed 
radiologic  (X-ray  and/or  computed  tomographic 
scan)  evidence  of  emphysema.  The  remaining 
ones  were  considered  as  having  chronic  bron- 
chitis. Measurements  were  made  just  before  ex- 
tubation.  Despite  similar  expiratory  airflow  ob- 
struction, patients  with  emphysema  exhibited 
significantly  higher  Vq,  resp  than  patients  with 
chronic  bronchitis  (109  +  61  vs  42  ±  26 
mL/min/m-.  respectively:  p  <  0.006).  Moreover, 
emphysema  was  associated  with  nutritional  de- 
pletion assessed  through  decreases  in  body-mass 
index  (emphysema:  17.9  ±  3.5  kg/m-;  chronic 
bronchitis:  28.8  ±  8.2  kg/m-;  p  <  0.005 ).  This 
seemed  to  affect  somatic  stores  (significant  de- 
creases in  arm  muscular  circumference  and  tri- 
ceps skinfold  thickness,  whereas  visceral  stores 
were  presened  (no  decreases  in  serum  albumin, 
serum  pre-albumin.  and  retinol  binding  protein). 
Malnutrition  appeared  to  be  the  consequence  of 
a  hypermetabolic  state  of  the  respiratory  mus- 
cles, with  a  significant  negative  correlation  be- 
tween Vo:  resp  and  body-mass  index,  arm  mus- 
cular circumference,  and  triceps  skinfold 
thickness  (p  <  0.05).  Total  oxygen  consumption 
normalized  for  body  surface  was  similar  in  the 
2  groups.  Thus,  in  emphysematous  patients,  the 
oxygen  available  for  tissues  other  than  respi- 
ratory muscles  was  significantly  reduced  (em- 
physema: 124  ±51  mL/min/m-:  chronic  bron- 
chitis: 207  ±  78  mL/min/m-;  p  <  0.02).  This 
could  explain  nutritional  differences  observed 
between  patients  w  ith  emphysema  and  those  with 
chronic  bronchitis. 

Prognosis  and  Outcomes  of  Patients  with 
Community-.Vequircd  Pneumonia:  .\  Meta- 
.\nalysis — MJ  Fine.  MA  Smith.  CA  Carson.  SS 
Mutha,  SS  Sankey,  LA  Weissfeld.  WN  Kapoor. 
JAMA  1995;274(2):134. 

OBJECTIVE:  To  systematically  review  the  med- 
ical literature  on  the  prognosis  and  outcomes  of 
patients  with  community-acquired  pneumonia 
(CAP).  DATA  SOURCES:  A  MEDLINE  liter- 
ature search  of  English-language  articles  involving 
human  subjects  and  manual  re\iews  of  article  bib- 
liographies were  used  to  identify  studies  ot  prog- 
nosis in  CAP.  STUDY  SELECTION:  Review  of 
4,573  citations  revealed  1 22  articles  ( 1 27  unique 
study  cohorts)  that  reported  medical  outcomes  in 
adults  with  CAP.  DATA  EXTRACTION:  Qual- 
itative assessments  of  studies'  patient  populations, 
designs,  and  patient  outcomes  were  performed. 
Summary  univariate  odds  ratios  (ORs)  and  rale 
differences  (RDs)  and  their  associated  95*^;  'jon- 
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fidence  intervals  (CIs)  were  computed  to  estimate 
a  summaT)'  effect  size  for  the  association  of  prog- 
nostic factors  and  mortality.  DATA  SY^4THES1S: 
The  overall  mortality  for  the  33,148  patients  in  all 
127  study  cohorts  was  13.7%.  ranging  from  5.1% 
for  the  2,097  hospitalized  and  ambulatory  patients 
(in  6  study  cohorts)  to  36..^%  for  the  7X8  inten- 
sive care  unit  patients  (in  13  cohorts |.  Mortality 
varied  by  pneumonia  etiology,  ranging  from  less 
than  2%  to  greater  than  30'/r .  Eleven  prognostic 
factors  were  significandy  associated  with  mortalitx' 
using  both  summary  ORs  and  RDs:  male  sex  (OR 
=  1 .3;  95%  CI,  1 ,2  to  1 .4),  pleuritic  chest  pain  (OR 
=  0.5;  95%  CI,  0.3  to  0.8),  hypothemiia  (OR  =  5.0; 
95%  CI,  2.4  to  10.4),  systolic  hypotension  (OR 
=  4.8;  95%  CI,  2.8  to  8.3),  tachypnea  (OR  =  2.9; 
95% CI,  l.7to4.9).diabelesmellitus(OR=  1.3; 
95%  CI,  1 . 1  to  1 .5 ).  neoplastic  disease  (OR  =  2.8; 
95%  CI,  2.4  to  3. 1 ).  neurologic  disease  (OR  =  4.6; 
95%  CI,  2.3  to  8.9).  bacteremia  (OR  =  2.8;  95% 
CI,  2.3  to  3.6),  leukopenia  (OR  =  2.5;  95%  CI,  1.6 
to  3.7),  and  multilobar  radiographic  pulmonary 
infilu-ate  (OR  =  3. 1 ;  95%  CI,  1 .9  to  5. 1 ).  Assess- 
ments of  other  clinically  releviint  metiical  outcomes 
such  as  morbid  complications  (41  cohorts),  symp- 
toms resolution  (7  cohorts),  return  to  work  or  usual 
activities  (5  cohorts),  or  functional  status  ( 1  co- 
hort) were  infrequently  pertormed,  CONCLU- 
SIONS: Mortality  for  patients  hospitalized  with 
CAP  was  high  and  was  associated  with  charac- 
teristics of  the  study  cohort,  pneumonia  etiology. 
and  a  variety  of  prognostic  factors.  Generaliza- 
tion of  these  findings  to  all  patients  with  CAP 
should  be  made  with  caution  because  of  insuffi- 
cient published  infoniiation  on  medical  outcomes 
other  than  mortality  in  ambulatory  patients. 

Hume  Mechanical  \  entilation  Demographics 
and  User  Perspectives — RS  Cioldstcin.  JA  Psek, 
EH  Gort.  Chest  19y5;l()8(6):1581. 

Although  the  number  of  users  of  home  mechanical 
ventilation  (HMV)  is  increasing,  information  re- 
garding users'  perceptions  of  the  impact  of  HMV 
on  their  lives  is  incomplete.  We  administered  an 
open-ended  questionnaire  to  98  (48  male.  50  fe- 
male) HMV  users  aged  (mean  ±  SD)  47.4  ±  19.5 
years  with  COPD  (9% ).  thoracic  restrictive  dis- 
ease (43%),  and  neuromusculardisea.se  (48%). 
M  the  lime  of  survey,  subjects  had  received  HMV 
for  59.5  ±  58.3  months.  Fifty-three  percent  were 
ventilated  electively.  Ventilator  use  was  contin- 
uous ( 1 8%),  at  night  only  (37% ),  or  at  night  with 
occasional  daytime  use  (45%).  Twenty-seven 
(28%)  individuals  identified  themselves  as  being 
totally  independent  while  32  (33''; )  rated  them- 
selves as  partially  dependent  on  caregiver  assis- 
tance for  daily  activ  itics.  Only  37  (38%)  considered 
that  they  had  made  an  infonncd  choice  when  first 
starting  HMV,  whereas  54  (55% )  did  not.  The  im- 
pact of  using  a  mechanical  ventilator  was  believed 
to  be  overwhelmingly  positive  (87%).  Positive 
comments  regarding  the  impact  of  the  ventilator 
on  lifestyle  were  grouped  in  the  follow  ing  cate- 


gories: life  sustaining,  facilitating  mobility,  and 
improving  physical  symptoms.  Negative  com- 
ments were  grouped  in  the  following  categories: 
limiting  mobility,  equipment  i.ssues,  and  social 
implications.  HMV  users  with  a  tracheostomy  vol- 
unteered significantly  fewer  positive  statements 
than  those  ventilated  noninvasively  (p  <  0.05). 
Whereas  52  (53% )  of  users  indicated  that  tliey  had 
experienced  initial  difficulties  in  coping  with  the 
ventilator,  only  II  (11%)  identified  difficulties 
at  the  time  of  the  survey. 

Noninvasive  Nasal  .Mask  S  entilation  hcvond 
the  ICL'  for  an  Kxacerbation  of  Chronic  Res- 
piratory Insufficiency — H  Servera,  M  Perez, 
J  Marin.  P  Vergara.  R  Castaiio.  Chest  1995; 

108(6):  1572. 

OBJECTIVE:  To  assess  the  usefulness  of  nonin- 
vasive nasal  mask  ventilation  (NMV)  in  the  treat- 
ment of  an  exacerbation  of  chronic  respiratory  in- 
sufficiency in  patients  stable  enough  to  be  admitted 
to  a  non-ICU  ward.  DRSIGN:  A  prospective  study 
in  which  the  beneficial  effect  of  NMV  was  com- 
pared with  conservative  treatment.  SETTING:  A 
w  ard  of  respiratory  medicine  of  a  tertiarv  referral 
leaching  hospital.  PATIENTS:  Tlie  study  group  in- 
cluded 15  patients  with  acute  respiratory  acidosis. 
Iliese  patients  had  pH  less  tliiui  7.35  and  P^co:  niore 
than  60  mm  Hg.  respiratory  rate  of  30  breaths  or 
less  per  minute,  hemodynamic  stability,  and  alert- 
ness and  willingness  of  cooperation  with  tile  NMV 
treatment.  The  control  group  consisted  of  16  pa- 
tients who  fulfilled  the  same  arterial  blood  gas  re- 
quirements, retrospectively  selected  from  the  dis- 
charge fomrs  of  the  ward  of  respiratory  medicine 
for  the  year  1993.  INTERVENTIONS:  Patients  un- 
denvent  NMV  for  2  sessions  per  day  ( 1  in  tlie  morn- 
ing ;md  I  in  the  afternoon),  each  session  lasting  4 
hours.  A  volumeuic  respirator  (Monnal  D;  Taema: 
Paris,  France)  was  u.sed  in  4  patients  with  restrictive 
disease,  A  positive-pressure  ventilator  (DP90; 
Taema;  Paris,  France)  was  used  in  1 1  patients  with 
obstnictive  disease.  Control  patients  received  stan- 
dard medical,  oxygen,  and  chest  phy  sical  therapy. 
RESULTS:  As  compared  with  pre-NMV  values, 
mean  pH  was  significantly  higher  at  4  hours  of 
NMV  after  the  patient's  ventilatory  adaptation  (; 
=  8.814.  p  <  0.(K)1 1  and  at  the  end  of  NMV  (;  = 
12.06,  p  <  0.(X)1 ).  Ventilatory  support  also  pniduced 
a  significant  improvement  in  hypercapnia  (pre- 
NMV  vs  NMV  after  the  patient's  ventilatory  adap- 
tation, ;  =  6.675,  p  <  0.(X)1;  pre-NMV;  vs  post- 
NMV,  t  =  6.976,  p  <  0.(K)l ).  Posttrealment  pH  and 
PaCO;  values  were  significantly  higher  and  lower, 
respectively,  in  NMV-treated  patients  than  in  con- 
trols. At  the  end  of  treatmenl.  a  significantly  high- 
er P.<)/Fi();  ratio  was  tlivunienled  in  the  study  group 
than  in  controls  (post-NM V  vs  posttreatment,  /  = 
2.846,  p  <  0.01 ).  CONCLUSIONS:  NMV  ass(v 
ciated  with  stand;u-d  treatment  may  be  more  ben- 
eficial than  conserv  ative  treatment  alone  for  im- 
pniv  ing  blixxi  gas  exchange  in  patients  with  chmnic 
respiratoiy  insufficiency  admitted  to  the  hospital 


(but  not  the  ICU )  for  an  episode  of  acute  decom- 
pensation and  respiratory  acidosis.  See  the  relal- 
eil  editorial:  Technology  Assessment.  DM  Goocl- 
enheri>ei:  Chest  IW5: I08(6l: I4.S7-N,SK 

Inhaled  Budesonide  Therapy  for  Patients  with 
Stable  ( '( )P1)— P  Weiner.  M  Weiner.  Y  Azgad. 
DZamir.  Chest  1995;1()S(6):1568. 

A  signiticiuit  minority  of  patients  w  ith  COPD  have 
favorable  response  to  corticosteroid  treatment.  In 
addition,  the  benefit  of  corticosteroid  treatment 
may  be  outweighed  by  the  side  effects.  Long-term 
administration  of  inhaled  steroids  is  a  safe  means 
of  treatment.  We  hypothesized  that  m;atment  with 
high-dose  inhaled  budesonide  would  improve  clin- 
ical symptoms  and  pulmomuy  function  in  subjects 
with  COPD.  and  that  the  response  to  inhaled  ^- 
agonist  will  .serve  to  individualize  steroid  re- 
sponders.  We  compared  a  6-week  course  of  800 
pg/d  inhaled  budesonide  with  placebo,  separat- 
ed by  4  weeks  w  hen  no  medication  was  taken,  in 
a  double-blind  crossover  trial,  in  8  patients  re- 
sponding to  inhaled  ft-agonist.  and  in  22  non- 
responders  with  stable  COPD.  In  6  of  8  "re- 
sponders  to  /5i-agonist,"  there  was  a  significant 
improvement  in  the  FEV|  (defined  as  >  20%)  fol- 
lowing  inhaled  budesonide,  as  compared  with 
placebo.  In  the  22  "nonresponders  to  /J^-agonist," 
tliere  was  no  significant  improvement  in  the  mean 
FEV I  ( 1 .4 1  ±  0. 1  L  before,  and  1 .6 1  ±  0. 1  L  after 
treatment)  with  inhaled  budesonide  or  placebo. 
Over  the  6-week  course  of  treatment  by  either 
budesonide  or  placebo,  the  nonresponders  reported 
similar  /J;-agonist  consumption  (4.8  ±0.2  and  5.0 
±  0. 1  puffs  per  patient  |x;r  day.  respectively ).  How- 
cver,  there  was  a  significant  difference  between 
the  2  periods  of  treatment  in  the  responders  as  for 
the  mean  daily  number  of  ft-agonist  inhalations 
(2.4  ±0.1  in  the  budesonide  period  as  compared 
with  5.3  ±  0. 1  in  the  placebo  period;  p  <  0.(X)5). 
We  conclude  that  treatmenl  with  inhaled  steroids 
improved  spiromeu-y  data  and  inhaled  ^-agonist 
consumption  in  about  25%  of  patients  with  sta- 
ble COPD,  and  this  rate  is  increased  to  about  75% 
in  patients  w  ho  respond  to  /J;-agonisl  inhalation. 
See  the  related  editorial:  Inhaled  Corticosteroids 
in  COPD— A  Ught  at  the  End  of  the  Tunnel? 
rSdcGiiia  Chest  IW>: IOSl6): l4H(y-l4S7. 

The  i;necl  of  Lale-( )nset  \  entilator- Associated 
Pneumonia  in  Determining  Patient  Mortality — 

MH  Kollel,  P  Silver.  DM  Murphy.  E  Tiov  illion. 
Chest  I995;108(6):1655. 

OBJECTIVE:  To  determine  whether  the  devel- 
opment of  late-onset  ventilator-associated  pneu- 
monia (VAP)  is  associated  with  an  increa.sed  risk 
of  hospital  mortality.  fiESlGN:  Prospective  co- 
hort study.  SETTING:  ICUs  of  2  university-af- 
filiated teaching  hospitals.  PATIENTS:  Three- 
hundred-fourteen  patients  admitted  to  an  ICU  who 
required  mechanical  ventilation  for  greater  than 
5  days.  INTERVEN  TIONS:  Prospective  patiem 
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Release 
Action 

Simplified  design,  with 
fewer  moving  parts, 
makes  canister 
actuation  easier, 
minimizes 
need  for 
coordination. 
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In  MDI  Drug  Delivery... 

The  choice  just  got  easier. 


Better  delivery. 


OptiHaler '  is  designed  to  give  your  patients  the  full 
benefit  of  their  MDI  medication.  Its  patented  aerodynamic 
action*  creates  a  measurably  superior  aerosol  mixture  — 
richer  in  the  smaller,  more  effective  particles.'  And  it  makes 
more  of  that  mixture  available  for  delivery  to  the  lungs  than 
conventional  holding  chambers.' 


So  why  not  make  MDI  therapy  easier  for  your 
patients... with  the  product  more  patients  prefer.^  Call 
our  24-hour  customer  service  hotline  today  for  your  free 
professional  sample  of  new,  improved  OptiHaler 

1-800-962-1266 


NEW  IMPROVED 


Better  design. 


^ 


OptiHaler's  new  simplified  design  makes  MDI  therapy 
easier  than  ever.  Patients  simply  press  and  release  the 
canister  while  inhaling  —  then  close  the  end  cap  for  the 
next  puff.  Cleaning  and  maintenance  are  easier  too. 


Better  compliance. 


And  because  more  convenience 
usually  means  better  compliance, 
OptiHaler  packs  all  of  these 
advantages  into  a  sleek,  discreet, 
truly  portable  unit  that  patients  rate 
significantly  more  convenient  for 


mm.*,£jr^f^^ 


/-> 


New,  more  convenient, 
one-piece  cap. 


daily  use  than  the  leading  holding  chambers.' 


Daig  Delivery  System  for  use  with  Metered  Dose  Inhalers 

The  promise  of  MDI  therapy... delivered. 

From  the  makers  of  ASSESS®  and  Personal  Best®  Peak  Row  Meters 

HealthScan  Products  Inc..  Cedar  Grove,  NJ 

REFERENCES   1  Data  on  tile  HealthScan  Products  Inc.  2,  WHeeler  BB.  Boilers  MD  :n-:ul  experi- 
ence witn  a  novel  spacer  device  (Presented  at  the  1993  meeting  ot  the  American  Ac^iunny  of 
Allergy  and  Immunology)    ■  U  S.  Patent  No.  5.040.527     OA760004-0    e  1994.  Heann-'an  Products  Inc 
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The  AARC  Education  Section  is  looi<ing  for  educational  research  and  experience 
with  models  and  instructional  methods  that  may  be  useful  in  implementing  the 
recommendations  of  the  Education  Consensus  Conferences  or  other  issues  in 
respiratory  care  education.  Special  consideration  will  be  given  to  abstracts  and 
poster  presentations  that  deal  with  multiskill  curriculum  and/or  core 
curriculum. 

The  1996  Summer  Forum,  scheduled  for  )uly  12-14  in  Naples.  FL.  will  offer  two  opportunities  for 
participants  to  share  their  scholarly  activities  with  colleagues: 

1 .  Research  abstract  presentations  dealing  with  respiratory  care  education.  (Paper 
presentations  will  be  limited  to  I  5  minutes,  including  five  minutes  for  discussion.) 

2.  Poster  presentations  dealing  with  education  models,  methods,  or  materials  that  can  be 
shared  for  noncommercial  use.  (Individual  topics  and  presenters  will  be  briefly 
introduced:  additional  time  will  be  allowed  for  individual  review  of  posters  or  display 
materials  and  interaction  with  the  presenters.) 

Research  abstracts  and  poster  presentation  proposals  must  be  submitted  by  April  15.  1996, 
for  review  by  the  Education  Section  Review  Committee.  All  abstracts  and  proposals  will  be 
peer-reviewed,  and  authors  will  be  notified  of  decisions  by  May  15.  Questions  may  be 
directed  to  the  review  committee  chair,  Pat  Munzer. 

Proposals  must  include  three  components: 

1 .  Cover  sheet  that  includes  the  following  information: 

a.  Type  of  presentation  (research  abstract  or  poster  presentation) 

b.  Title  of  presentation 

c.  Names,  primary  titles,  work  addresses,  and  day  telephone  numbers  of  the  authors:  the 
name  of  the  author  who  will  present  the  paper  and  receive  correspondence  should  be 
listed  first 

d.  A  statement  of  previous  presentations  or  publications  of  the  same  or  similar  work 

e.  Two  true/false  questions  with  answers 

f.  Other  information  required  by  funding  sources 

2.  Camera-ready  copy  (without  author  identification)  for  review  by  the  committee 

3.  Camera-ready  original  (with  author  identification)  for  possible  publication 
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Research  Abstracts 

Type  abstract  double-spaced  on  plain  white  paper  with  one-inch  margins.  The  abstract  should 
be  written  as  a  single  paragraph  and  limited  to  300  words.  The  research  abstract  should  include 
the  following: 

a.  Title  of  paper 

b.  Brief  description  of  work 

c.  Brief  statement  of  methodology  and  findings 

d.  Conclusions 

e.  Two  true/false  questions  with  answers 

A  maximum  of  two  pages  of  camera-ready  charts  and  tables  may  be  attached  to  aid  in  the 
selection  of  the  abstract. 

Poster  Presentations 

Type  abstract  double-spaced  on  plain  white  paper  with  one-inch  margins.  The  abstract  should 
be  written  as  a  single  paragraph  and  limited  to  I  50  words.  The  poster  presentation  abstract 
should  include  the  following: 

a.  Title  of  paper 

b.  Brief  description  of  the  model,  method,  or  material 

c.  Brief  statement  of  how  it  was  developed  and  implemented 

d.  Brief  statement  of  how  it  was  evaluated  or  judged  to  be  of  unique  value 

e.  Recommendations  for  future  application 

f.  Two  true/false  questions  with  answers 

On  a  separate  sheet,  describe  how  the  information  will  be  visually  presented  at  the  conference. 

Each  manuscript  should  be  double-checked  for  completeness  and  accuracy  before  it  is 
submitted. 

Spell  out  terms  used  for  the  first  time,  followed  by  abbreviations  in  parentheses,  e.g..  norm- 
referenced  testing  (NRT).  Thereafter,  the  term  may  be  abbreviated  throughout. 

Please  send  the  abstract  and  cover  sheet  to: 

Pat  Munzer,  MS,  RRT,  Program  Director 

Respiratory  Therapy 

Washburn  University 

1 700  College 

Topeka,  KS  66621 

(913)  231-1010,  ext.  1284 
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San  Diego,  California...a  picture-perfect  vacation  destination  where 
you  can  explore  the  ocean  depths  of  Sea  Worldf  go  wild  at  the 
world  famous  San  Diego  Zoo,  head  south  of  the  border  to  Tijuana, 
kick  back  and  enjoy  the  sun-bleached  beaches  of  Mission  Bay,  and 
partake  of  the  exciting  AARC  Annual  Meeting. 

To  picture  yourself  in  this  exciting  vacation  package,  circle  number  84 
on  the  reader  service  card  in  this  issue,  request  any  other  material 
you  might  like  to  receive,  complete  the  requested  information,  and  mail 
the  card. 

Your  picture-perfect  vacation  includes: 

■  Round-trip  air  transportation  to  San  Diego  for  two,  November  2-6,  1996 

■  4  nights  hotel  accommodations,  including  room  tax,  at  a  selected 
San  Diego  hotel,  November  2-5,  1996 

■  Admission  to  the  AARC  Annual  Meeting,  November  3-6,  1996 
(Sunday-Wednesday) 


Official  Rules:  No  purchase  necessary.  To  enter,  circle  number  84  on  the  reader  service 
card  in  this  issue,  request  any  other  material  you  might  like  to  receive,  then  complete 
your  name,  address,  telephone  number,  and  other  information  requested.  Mail  the 
postagepaid  card  to  AARC  Publications,  P.O.  Box  11605,  Riverton,  NJ  08076-7205. 
Entries  must  be  received  no  later  than  midnight  September  1,  1996.  Prize  is  valid  for 
travel  only  November  2-6,  1996.  Entrants  must  be  at  least  18  years  of  age.  Illegible 
entries  will  be  disqualified.  AARC  Times  and  Respiratory  Care'  are  not  responsible  for 
late,  lost,  damaged,  or  misdirected  mail.  The  winner  will  be  selected  in  a  random 
drawing  at  Daedalus  Enterprises,  11030  Abies  Lane,  Dallas,  TX  75229^4593  on  or  about 
September  5,  1996.  Federal,  state,  and  local  taxes  are  not  included  in  prize  package. 
M°als,  gratuities,  and  all  other  expenses  not  specified  herein  are  the  responsibilities 
of  t'.ie  winner.  Void  where  prohibited  by  law,  and  all  federal,  state,  and  local  laws  apply. 
NC  '..I'istitution  for  prizes.  Prizes  are  not  transferable  and  are  not  redeemable  in  cash. 
The  V    rner  will  be  notified  by  mail  or  telephone. 
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Abstracts 


surveillance  and  data  collodion.  MEASURE- 
MENTS: The  primary  outcome  measures  were 
the  development  of  late-onset  VAP  (ie,  occur- 
ring >  96  hours  after  intubation)  and  hospital  mor- 
tality. RESULTS:  Late-onset  VAP  was  observed 
in  87  patients  (27. 7^;^).  Thirty-four  (39.1  <"*)  pa- 
tients with  late-onset  VAP  died  during  hospi- 
talization compared  with  S5  patients  (37.4'*)  with- 
out late-onset  VAP  (relative  risk.  1.04;  95% 
confidence  interval  [CI],  0.76  to  1.43).  Twenty 
patients  (6.49f-)  developed  late-onset  VAP  due 
to  a  "high-risk"  pathogen  ( ie,  Pxciuhinonas  aemi>- 
inosa,  Acinetobacter  sp.,  Xunllioimis  maltophilia) 
with  an  associated  mortality  rate  of  6.'i9f .  Step- 
wise logistic  regression  analysis  identified  5  \ari- 
ables  as  independent  risk  factors  for  hospital  mor- 
tality (p  <  0.05):  an  organ  system  failure  index 
of  3  or  greater  (adjusted  odds  ratio  [.AOR],  3.4; 
95%  CI,  2.0  to  5.8;  p  <  0.001).  having  a  non- 
surgical diagnosis  (AOR.  2. 1 ;  95%  CI,  1.3  to  3.6; 
p  =  0.002),  a  premorbid  lifestyle  score  of  2  or 
greater(AOR.  1.8;95'7fCL  1.1  to  2.9;  p  =  0.0 15), 
acquiring  late-onset  VAP  due  to  a  "high-risk' 
pathogen  (AOR,  3.4;  95%  CI,  1.2  to  10.0;  p  = 
0.025).  and  ha\  ing  received  antacids  or  histamine 
type-2-receptor antagonists  (AOR.  1.7:95%  CL 
1.0  to  2.9:  p  =  0.0.^4).  Additionally,  we  found  the 
occurrence  of  late-onsel  VAP  due  to  high-risk 
pathogens  to  be  the  most  important  predictor  of 
hospital  mortality  among  patients  developing  VAP 


(AOR,  5.4;  95%  CI,  2.8  to  10.3;  p  =  0.009).  CON- 
CLUSIONS: Nosocomial  pneumonia  due  to  cer- 
tain high-risk  micro-organisms  is  an  independent 
risk  factor  for  hospital  mortality  among  patients 
requiring  prolonged  mechanical  \entilation.  We 
suggest  that  future  investigations  of  late-onset 
VAP  stratify  patient  outcomes  according  to  the 
disUibution  of  high-risk  pathogens  w  hen  reporting 
their  results. 

Airway  Protection  during  Experimental 
CPR— M  Fukui,  MH  Weil,  W  Tang.  L  Yang. 
S  Sun.  Chest  1995;1()S(6):  1663. 

BACKGROUND:  Experimental  studies  recently 
demonstrated  that  positive  pressure  \entilation 
may  not  be  essential  for  initial  cardiopulmonary 
resuscitation.  Nevertheless,  o.xygen  enrichment 
of  inspired  gas  mixtures  and  spontaneous  gasp- 
ing were  associated  with  increased  resuscitability 
and  survival  after  cardiac  arrest.  However,  as  yet 
unresolved  is  the  benefit  of  early  airway  control 
under  conditions  simulating  'sudden  death'  due 
to  ventricular  fibrillation.  METHODS:  Twenty 
adult,  male  Sprague-Dawley  rats  were  random- 
ly assigned  to  1  of  2  groups  in  which  the  airway 
was  unprotected  or  protected  by  an  oropharyn- 
geal airway  of  our  design.  Cardiac  arrest  was  in- 
duced by  an  alternating  current  delivered  to  the 
right  ventricular  endocardium.  Oxygen  was  de- 


livered to  a  hood  that  was  loosely  applied  over 
the  head  of  each  animal  at  a  fiowrate  of  1  L/min. 
Precordial  compression  was  initiated  after  4  min- 
utes of  untreated  ventricular  fibrillation  and  de- 
fibrillation was  attempted  6  minutes  later.  After 
spontaneous  circulation  had  been  restored,  a  tra- 
cheostomy was  perlormed  and  the  animals  were 
mechanically  ventilated  with  100%  oxygen  for 
an  additional  interval  of  I  hour.  Animals  were 
then  returned  to  their  cages  and  observed  for  an 
additional  24  hours.  RESULTS:  Spontaneous  cir- 
culation was  restored  in  each  of  the  animals  who 
had  an  oropharyngeal  airway  and  9  of  1 0  animals 
in  the  absence  of  an  artificial  airway.  In  each 
group.  7  animals  sunived  for  more  than  24  hours. 
Animals  in  which  the  airway  had  been  protect- 
ed had  significantly  greater  frequency  of  spon- 
taneous gasping  (28  ±  L3/min  vs  13  ±  9/min;  p 
<  0.05)  and  significantly  higher  arterial  oxygen 
saturation  (77  ±  19%  vs  55  ±  25%);  p  <  0.05). 
CONCLUSION;  In  the  setting  of  experimental 
cardiac  resuscitation,  the  insertion  of  an  artifi- 
cial airway  increased  tlie  frequency  of  spontaneous 
gasping  and  arterial  oxygenation.  Nevertheless, 
no  significant  differences  in  resuscitability  or 
postresuscitation  survival  were  associated  with 
insertion  of  the  artificial  airway.  See  Ihe  relat- 
ed editorial:  Is  Mmilh-to-Mouth  I  eiitilatioii  Nec- 
essary for  Successful  Resuscitation '.'  .1 H  Idris. 
Chest  ]995: 108(6):  1490-1491. 
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The  fast  response  time  (200  msec)  of  the  Sievers  nev^;  Model 
280  NOA'"  permits  breath-by-breath  analysis  of  exhaled  NO  or 
measurement  of  NO  and  NO^  during  inhalation  therapy  directly 
at  the  patient's  mask  With  our  unique  purge  system,  NO  and  its 
reaction  products  can  be  measured  in  virtually  any  biological 
fluid,  cell  media  or  other  liquid  sample 
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Kerens  one  you^ve 
really  got  to  see! 

The  New  JCAHO  Hospital  Standards: 
Their  Effect  on  Respiratory  Care 

A  Videotape  from  the  Professor's  Rounds 
in  Respiratory  Care  Videoconference  Series 

Featuring  Nancy  Telford,  BS,  RRT,  Proqram  Manager,  Joint 
Commission  on  Accreditation  of  Healthcare  Organizations,  with 
Moderator  Sam  P,  Giordano,  MBA,  RRT,  AARC  Executive  Director 

The  new  /  995  kaeditalion  Manual  lor  Hoipilak  is  now  orgnnized  oround  functions  thol 

impact  polieni  outcomes,  and  the  slandords  ore  now  integroled  into  functionol  choplers  rnlher 

Ihon  0  single  chopter  Through  this  overview,  you  will  leorn  oboul  standards  related  to 

competence  programs,  responsibilities  of  department  leaders  and  medical  directors,  and  expectations  on  performance  improvement. 

This  video  also  reviews  the  interoctive  survey  process  ond  the  role  of  department  staff.  90  minutes.  Item  VC51  —  S275  (S305  nonmembers) 
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CPG  3  —  Nasotraclieal  Suctioning  ■  $1 

CPG  4  —  Patient-Ventilator  System  Checks  •  $1 

CPG  5  —  Directeci  Cough  ■  $1 

CPG  B  —  In-Vitro  pH  and  Blood  Gas  Analysis  and  Hemoximetry  •  $1 

CPG  7  —  Use  ot  Positive  Airway  Pressure  Adjuncts  to  Bronchial 

Hygiene  Therapy  •  $1 
CPG  8  —  Sampling  tor  Arterial  Blood  Gas  Analysis  ■  $1 
CPG  3  —  Endotracheal  Suctioning  of  Mechanically  Ventilated 

Adults  and  Children  with  Artiticial  Airways  ■  $1 
CPGIO  —  Incentive  Spirometry    $1 
CPGll  —  Postural  Drainage  Therapy  •  $1 
CPG12  —  Bronchial  Provocation     $1 
CPG13  —  Selection  ot  Aerosol  Delivery  Device  •  $1 
CPG14  —  Pulse  Oximetry  •  $1 

CPG15  —  Single-Breath  Carbon  l\/lonoxide  Diffusing  Capacity  ■  $1 
CPGIB  —  Oxygen  Therapy  in  the  Home  or  Extended  Care  Facility  •  $1 
CPG  17  —  Exercise  Testing  for  Evaluation  of  Hypoxemia 

and/or  Desaturation  ■  $1 
CPG18  —  Humidification  dunng  Ivlechanical  Ventilation  •  $1 
CPG19  —  Transport  of  the  (vlechanically  Ventilated  Patient    $1 
CPG20  —  Resuscitation  in  Acute  Care  Hospitals    $1 
CPG21  —  Bland  Aerosol  Administration  ■  $1 
CPG22  —  Fiberoptic  Bronchoscopy  Assisting  ■  $1 
CPG23  —  Intermittent  Positive  Pressure  Breathing  (IPPB)  ■  $1 
CPG24  —  Application  of  CPAP  to  Neonates  Via  Nasal  Prongs  or 

Nasopharyngeal  Tube  ■  $1 
CPG25  ~  Delivery  of  Aerosols  to  the  Upper  Airway  •  $1 
CPG26  —  Neonatal  Time-Triggered,  Pressure-Limited,  Time-Cycled 

Mechanical  Ventilation  ■  $1 
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Defibnilation  dunng  Resuscitation  ■  $1 
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Management  of  Airway  Emergencies    SI 

Assessing  Response  to  Bronchodilator  Therapy  at  Point  of  Care  •  $1 

Discharge  Planning  for  the  Respiratory  Care  Patient  ■  $1 

Long-Term  Invasive  Mechanical  Ventilation  in  the  Home  ■  $1 

Capnography/Capnometry  during  Mechanical  Ventilation  •  $1 

Selection  of  an  Aerosol  Delivery  Device  for  Neonatal 

and  Pediatric  Patients  ■  $1 

Polysomnography    $1 
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Here  lies  the  reflection  of  your  good 
judgement.  In  recognizing  that  your 
patients  rely  upon  the  most  qualified 
clinical  decisions,  Nellcor  Puritan 
Bennett  brings  you  effective  informa- 
tion tools  for  making  them  with  confi- 
dence and  clarity. 

Introducing  new  trending  parameters 
for  the  72SG  Metabolic  Monitor 

Together,  with  the  7200  Series 
Ventilator,  they  comprise  a  ventilatory 
system  that  gives  you  more  than  respi- 
ratory and  metabolic  data.  It  gives  you 
the  means  to  look  beyond  the  surface 
to  evaluate  a  patient's  status  at  a  glance. 


According  to  Dr.  C.  Price,  M.D.,  CM., 

F.R.C.P.  and  Gail  Lang,  RRT,  of  Credit 

Valley  Hospital  in  Ontario  Canada, 

"In  our  opinion,  the  7250 
Metabolic  Monitor  provided  an 

accurate  assessment  of  our 
patient's  nutritional  requirements 

and  assisted  us  in  making  the 

necessary  adjustments  to  quickly 

wean  him  from  the  ventilator." 

We  even  make  continuous  trending 
look  easy.  With  the  new  Graphics  2.0 
software  option,  you  can  trend  the 
following  metabolic  monitoring  para- 
meters for  up  to  72  hours:  O:  con- 


\\')>/!  the  new  7250  Metabolic  Monitor 
and  Graphics  2.0,  trending  parameters 
such  as  VO,  clearly  show  your  patient's 
response  to  decreased  ventilatory  support 
during  weaning. 
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sumption,  CO:  production,  respiratory 
quotient  and  energy  e.xpenditure.  So 
you  won't  waste  your  own  energy 
attempting  to  estimate  the  complete 
daily  nutritional  picture  from  incon- 
clusive spot  checks. 

See  your  patients  more  clearly 

To  find  out  more  about  our  "New 
Tools  for  Greater  Insight,"  contact  the 
world's  leading  supplier  of  ventilator 
systems.  Call  Nellcor  Puritan  Bennett  at 

800-NELLCOR;  (U.S.A.) 

510-463-4000 

Fax:510-463-4420 

-1-31.73.6485200  (Europe) 
Fax: +31.73.6410915 


NELLCOR 
PURITAN 
BENNETT,. 


http://vvn\'\v.nellcorpb.com 

7200  and  7250  are  trademarks  of  Nellcor  Pun:  jn  Bennett. 

©1996  Nellcor  Purilan  Bennclt  Inc.  All  righls  r.-.  ,  ,cd. 
A-AA2210-01  (1/96) 
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T-shirt 

Show  pride  in  your  profession,  both 
coming  and  going,  with  this  new 
front-and-back  design.  This  50/50 
cotton/polyester  blend  T-shirt 
comes  in  a  fashionable  stonewashed- 
denim  color.  The  design  is  displayed 
in  navv  blue,  cream,  and  white.  Wear 
it  with  pride!   Medium,  large,  extra 
large,  and  extra-extra  large  available. 

Item  R16   $9.75 

($1 1 .50  nonmembers) 

Add $2.50  for  extra-extra  large. 


Sweatshirt 

"^,  This  luxurious,  heavyweight,  50/50 

,  blend  navy-blue  sweatshirt  sports  a 

•  plaid  applique  accented  with  gold 

'  "^  embroidery.  Medium,  large,  extra 

^  large,  and  extra-extra  large  available 

*  Item  R19  $25  ($30  nonmembers) 

I  Add  S2. iOjor  extra-extra  large. 

i 

*j  To  order  by  credit  card  or 

^  purchase  order,  call  us  at 

i  (214)  243-2272. 


Shipping 

Rates* 

Order 

UPS 

UPS 

Next 

Total 

Regular 

2nd  Day 

Day 

$15  or  less 

$3  25 

$6.00 

$14.00 

$16  to  $30 

$3.75 

$8.00 

$18,00 

$?1  lo$50 

$4,50 

$11.00 

$24,00 

ISl    In  i/5 

$5.50 

$13.00 

$31.00 

t7o  lo  4100 

$7.00 

$16.00 

$38.00 

$101  to  $125 

$8.00 

$19.00 

$50.00 

$126  to  $150 

$10.00 

$22.00 

$60.00 

$151  to  $200 

$12.00 

$27.00 

$75.00 

$201  or  more 

$15,00 

$32.00 

$90.00 

'Addresses  outside  the  continental  United  States  require  an 
,)dditionjl  $10  for  orders  up  to  SlOO;  add  $15  tor  orders  over  $100 


j^ 


American  Association  for  Respiratory  Care 
11030  Abies  Ln.,  Dallas,  TX  75229  4593 


.\.i&.^'-'^     ■;■"■"  •^".!JK.<*'-»,, 


^i 


Mk.^ 


tvf 


A 


P* 


nm^ 


"    V 


Texas  customen 
add  a.2S%  sales 
*^      shipping  charges).  Texas  customers 
that  are  exempt  from  sal     ' 
attach  an'  exemption  ceii 


% 


Editorials 


New!  Improved!  or  Nothing  New  Under  the  Sun? 


Last  autumn  ( 19951.  a  report  on  treating  acute  exacerba- 
tions ofclironic  obstructi\e  pulnionar>  disease  (COPD)  with 
noninvasive  positive-pressure  ventilation  (NIPPV)  led  to  many 
inquiries  at  our  Respiratory'  Care  Center  about  the  availability 
of  this  "new"  treatment.'  A  few  seniiir  therapists  and  pul- 
monologists  answered  that  it  had  been  ;i\  ailable  for  over  30 
years!-  Perhaps  this  was  a  bit  unfair  because  IPPB  luiJ 
improved  as  it  e\  oh  ed  into  NIPPV. '  For  example,  the  patient- 
ventilator  interface  is  more  comfortable,  the  pressure  generator 
is  more  sophisticated,  oxygen  saturation  (and  other)  moni- 
tors are  a\ailable  to  increase  safety,  and  NIPPV  is  used  more 
selectively.  What  is  new  to  general  physicians  is  ancient  his- 
tory to  respiratory  care  practitioners,  of  whom  some  fail  to 
remember  its  many  incremental  improvements. 

This  month  in  RESPIRATORY  CARE,  Boix  and  colleagues-* 
report  their  experience  with  a  new  noninvasive  \ entilator  in 
patients  with  an  acute  exacerbation  ot  COPD.  They  compared 
external  high-frequency  oscillatory  ventilation  (EHFOV)  pro- 
vided by  a  Hayek  oscillator  with  modest  amounts  of  nasal 
positive-pressure  ventilation  for  brief  periods  in  20  patients 
with  severe  obstruction  and  \entilatory  failure.  The  patients 
were  carefully  chosen;  they  received  medical  therapy  for  I 
or  2  days:  none  was  acidotic:  none  reqiurcd  intubation:  and 
all  were  able  to  stop  supplemental  oxygen  during  testing.  The 
two  ventilatory  modes  were  equally  effective  in  lowering 
PaCO:-  yet  respiratoiy  rate  paradoxically  doubled  with  EHFOV 
(more  about  this  later).  Neither  mode  produced  adverse  car- 
diovascular effects.  This  report  suggests  that  EHFOV  is  as 
effective  as  low-pressure  NIPPV  for  treating  ventilatory  fail- 
ure in  selected  patients  with  acute  exacerbations  of  COPD. 
In  the  future,  respiratory  care  practitioners  may  have  a  new 
therapy  for  this  common  problem. 

This  report  of  a  new  high-frequency  negative-pressure  ven- 
tilator is  surprising  for  several  reasons.  First,  the  usual  indi- 
cation for  high-freqiieiicv  v  entilation  is  diffuse  alveolar  dis- 
ease in  infants,  not  COPD  in  adults.'  Second,  the  usual  indi- 
cation for  negative-pressure  ventilation  is  restrictive,  not 
obstructive  pulmonary  disease.'"  Third,  negative-pressure  ven- 
tilation has  been  disappointing  for  treating  stable  COPD 
patients.''  Surprise  leads  to  curiosity  and  questions  quickly 
arise.  Some  are  listed  as  follows: 

What  is  external  hij;h-frec|uency  oscillatory  ventilation? 

A  cuirass  ventilator  applies  sinusoidal  pressure  waves  to  the 
thorax  and  abdomen  at  higher  than  conventional  ventilatory 
rates,  eg,  60-2,400  cycles/min.'*  Tidal  volumes  are  small  and 
become  smaller  with  higher  rates.  Oscillatory  implies  active 
inspiration  (air  is  pulled-in)  and  expiration  (air  is  pushed-out).^ 


How  does  external  high-frequency  oscillatory  ventilation 
differ  from  other  forms  of  high-frequency  ventilation? 

High-frequency  positive-pressure  ventilators  and  jet  venti- 
lators deliver  gas  boluses  to  the  airway  opening:  respiratory 
recoil  empties  the  lung,  ie,  expiration  is  passive.  High-fre- 
quency chest  compressions  from  a  pressure  cuff  literally 
squeeze  air  out  of  the  lungs:  respiratory  recoil  refills  the  lung, 
ie,  inspiration  is  passive.^'" 

What  is  the  Hayek  oscillator?  A  decade  ago  in  the  lab- 
oratory, Hayek  and  co-workers  su|ierimposed  high-fre- 
quency oscillations  from  a  piston  pump  on  a  baseline  neg- 
ative pressure  from  a  v  acuum  pump  and  delivered  the  result- 
ing oscillating  negative  pressure  to  a  cuirass."  The  baseline 
pressure  preserved  functional  residual  capacity  (FRC)  while 
the  oscillations  provided  ventilation  by  expanding  and  com- 
pressing the  chest  and  upper  abdomen.  The  intent  was  to 
prevent  the  reduction  of  FRC  observed  with  high-frequency 
chest  compression  devices."'"'  In  turn,  this  prevents  air- 
way closure,  improves  gas  exchange,  and  augments  ventila- 
tor effectiveness. 

The  clinical  Hayek  oscillator  consists  of  a  cuirass,  power 
unit  that  contains  the  2  pumps  and  control  unit,  a  w  ide-bore 
hose  for  delivering  the  oscillating  negative  pressure  to  the 
cuirass,  and  a  naiTow-bore  hose  for  monitoring  extra-thoracic 
(cuirass  or  chamber)  pressure.  The  operator  sets  frequencv . 
inspiratory  and  expiratory  pressures,  and  inspiratory-expiratoi^ 
ratio:  the  control  unit  makes  automatic  adjustments.'-" 

What  are  the  operating  characteristics  of  the  Hayek  oscil- 
lator? There  is  a  paucity  of  reports  in  normal  subjects.'-"  The 
two  evaluations  in  normal  subjects  rely  on  noninvasive  tests 
such  as  end-tidal  Pco:-  pulse  oximetry,  impedance  plethys- 
mography, and  pneumotachography.  These  tests  are  less  reli- 
able vv  hen  Liscd  to  assess  high-frequency  and  cuirass  v  entilators. 
The  Hayek  oscillator  has  two  "personalities."  At  lower  fre- 
quencies (15.  30  and  60  cycles/min).  it  behaves  as  a  con- 
ventional ventilator,  ie,  the  pressure  span  (difference  between 
maximum  inspiratoiy  and  expiratory  pressures)  directly  affects 
tidal  volume,  minute  ventilation,  and  gas  exchange.'-"  Aver- 
age chamber  pressure  (analogous  to  mean  airway  pressure) 
has  a  small  effect  at  15  cycles/min."  At  higher  frequencies 
( 1 20  and  1 80  cycles/min),  the  oscillator  behaves  as  a  high- 
Irequency  ventilator.  With  a  relatively  large  pressure  span  of 
30  cm  HiO,  tidal  volume  imposed  by  the  oscillator  is  approx- 
imately 2(H)  niL  (neariy  anatomic  dead-space  volume),  minute 
ventilation  approaches  0  L/min,  and  spontaneous  respiratory 
rate  drops  to  about  6  breaths/min.'-" 
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Is  the  Hayek  oscillator  really  a  high-frequency  ventilator? 

As  noted,  it  works  in  norinul  subjects.  The  dramatic  drop  in 
respiratory  rate  seems  to  confirm  the  drop  in  end-tidal  Pco;- 
Bradypnea  and  apnea  have  been  observed  with  other  high- 
frequency  ventilators  and  may  represent  a  reflex  response  to 
hypocapnia  or  chest-wall  receptor  stimulation.'" 

It  also  maintained  adequate  ventilation  (by  end-tidal  Pco:) 
in  patients  undergoing  tracheal  surgery  whose  pulmon;iry  sta- 
tus was  not  described.'^ 

It  improved  ventilation  (according  to  end-tidal  COi)  in  sta- 
ble COPD  patients,  half  of  whom  were  hypercapnic"  and  low- 
ered Paco:  in  unstable  COPD  patients."*  It  is  possible  that  the 
increased  respiratory  rate  observed  by  Boix  and  co-workers 
may  indicate  suboplimal  application  of  EHFOV.'* 

Caveat  lector.  The  study  of  Boix  and  co-workers  provides 
an  incremental  increase  in  knowledge  about  the  Hayek  oscil- 
lator. However,  there  is  much  to  learn  about  this  new  device, 
and  it  is  important  to  keep  the  following  in  mind.  First,  Boix 
and  co-workers  selected  their  patients  very  carefully.  Fur- 
ther saidy  is  needed  in  more  acutely  ill  patients  who  may  even- 
tually require  intubation.  Second.  EHFOV  was  used  only 
brietly  in  this  and  other  studies  (<  45  minutes).  It  is  not  known 
whether  patients  will  tolerate  longer  treatments,  eg.  6  hours. 
Third,  fixed  ventilator  settings  were  used  in  both  studies 
involving  COPD  patients.""''  Acutely  ill  patients  may  ben- 
efit from  bedside  adjustments,  eg.  using  a  lower  inspiratory- 
expiratoi7  ratio  or  higher  pressure  span.  Fourth,  adverse  effects 
were  not  seen  because  of  careful  patient  selection.  The  poten- 
tial remains  for  problems  with  overinflation"  and  diminished 
venous  return."* 

The  combination  of  high-frequency  and  negative-pressure 
\entilation  creates  new  opportunities.  The  ability  to  avoid  the 
complications  of  intubation  and  positive-pressure  ventilation 
justifies  continued  investigation.  Augmented  mucociliary  clear- 
ance may  be  an  added  benefit.''^  If  'fine  tuning"  EHFOV  pro- 
duces bradypnea  or  apnea,  then  fatigued  respiratory  muscles 
may  have  a  chance  to  rest. 

This  hybrid  ventilator  also  creates  challenges.  Obtaining 
a  good  cuirass  fit.  monitoring  adequacy  of  \entilation.  and 
avoiding  air  trapping  quickly  come  to  mind. 

Additional  clinical  exaluation  of  this  new  ventilator  is 
required.  Experienced  practitioners  may  recall  the  excite- 
ment generated  by  high-frequency  ventilators.  We  now  real- 
ize that  these  ventilators  ha\e  a  fairly  sniall  "safe  therapeu- 
tic window."'" 

LHtimately.  prospective,  conimllctl  inaN  will  (.letermme 
whether  the  Hayek  oscillator  is  truly  New  I  lmpro\edl  and 
define  its  place  in  the  respiratory  armamentarium. 
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Comparison  of  Nasal  Positive-Pressure  Ventilation  to  External 
High-Frequency  Oscillatory  Ventilation  in  Severe  COPD 

Jesus  Hector  Boix  MD.  Manuel  Tejeda  MD.  Faustino  Alvarez  MD,  and  AUonso  Bataller  MD 


BACKGROUND:  Noninvasive  mechanical  ventilation  is  being  used  increas- 
ingly to  ob\  iate  the  necessity  for  endotracheal  intubation  and  mechanical  ven- 
tilation in  patients  in  respiratory  distress  from  acute  exacerbations  of  chronic 
obstructive  pulmonary  disease  (COPD).  METHODS:  The  short-term  (45- 
minutel  therapeutic  efficacy  of  nasal  intermittent  positive-pressure  ventilation 
(NIPPV)  and  external  high-frequency  oscillatory  ventilation  was  assessed  in 
20  COPD  patients  with  an  acute  decompensation  episode.  Supplemental  oxy- 
gen was  discontinued  and  the  two  ventilatory  methods  were  alternated.  Dur- 
ing the  24-48  hours  after  admission,  the  patient  c(tmpleted  a  3-hour  study  ses- 
sion divided  into  four  45-minute  periods,  ie.  baseline,  first  ventilatory  mode, 
pause,  and  second  ventilatory  mode.  NIPP\'  was  delivered  by  a  standard  pres- 
sure ventilator  in  the  assist  mode,  with  a  commercial  nasal  mask  (Sullivan). 
The  Hayek  oscillator  was  used  for  high-frequency  oscillatory  ventilation. 
RESULTS:  After  45  minutes  of  NIPPV,  we  observed  statistically  significant 
decreases  in  the  respiratory  rate  and  Pac O:  and  significant  increases  in  S;,o; 
and  pH.  After  45  minutes  of  high-frequency  oscillatory  ventilation,  we  observed 
statistically  significant  decreases  in  P^c O:  and  S-m:  with  significant  increases 
in  the  respiratory  rate  and  pH.  Differences  between  decreases  in  Paco:  attained 
with  both  modes  of  ventilation  were  less  than  5  torr  in  13  patients,  between 
5  and  10  torr  in  6  patients,  and  higher  than  10  torr  in  I  patient.  CONCLU- 
SIONS: Use  of  either  method  of  ventilatory  support  resulted  in  improvement 
in  alveolar  ventilation,  with  significant  changes  in  P^c o:  and  pH.  Given  that 
c(M)peration  from  the  patient  to  decrease  respiratory  -muscle  activ  ity  is  required 
for  successful  NIPPV  ,  the  degree  of  the  patient's  cooperation  is  an  important 
aspect  to  be  considered  in  the  selection  of  one  of  the  two  techniques.  [Respir 
Cure  I996:4I(3):187-19()| 


Introduction 

Respiratory  muscle  fatigue  has  been  considered  to  be  a  con- 
tributory factor  in  the  genesis  of  hypercapnic  respiratory  fail- 
ure in  chronic  obstructive  puhnonary  disease  (COPD).'  - 
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Invasive  mechanical  ventilation  provides  temporary  relief 
to  the  respiratory  muscles  but  exposes  the  patient  to  a  vari- 
ety of  complications''^  resulting  from  the  intubation  proce- 
dure, during  the  course  of  ventilation,  or  after  removal  of  the 
lube.  Noninvasive  methods  of  ventilation  have  been  recog- 
nized as  a  means  to  improve  gas  exchange  and  to  reduce  res- 
piratory-muscle work  in  obstructive  lung  disease."  '^  Non- 
invasive intermittent  positive-pressure  ventilation  (NIPPV) 
using  a  nose  or  face  mask  in  appropriately  selected  patients 
can  obviate  endotracheal  intubation  and  shorten  intensive  care 
unit  ( ICU)  stay.**"  On  the  other  hand,  externally  applied  high- 
frequency  oscillatory  ventilation  (EHFOV).  which  is  a  spe- 
cial fomi  of  negative-pressure  ventilation,  has  been  used  effec- 
tively in  short  sessions  in  severe  COPD  and  respiratory  fail- 
ure for  assisting  ventilation  and  relieving  muscle  fatigue.'-  '^ 
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NIPPV  &  EHFOV  Compared  in  Severe  COPD 


II  was  assumed  thai  EHFOV.  like  NIPPV.  eould  be  used 
as  a  method  ol  \enlilalory  support  in  patients  with  severe 
COPD.  This  study  was  conducted  to  compare  the  efficacy  of 
NIPPV  via  nasal  mask  and  EHFOV  using  the  Hayek  oscil- 
lator'"** tor  ventilating  patients  with  se\  ere  unstable  COPD. 
With  the  Havek  oscillator,  both  inspiration  and  expiration  are 
acti\ely  controlled. 

Methods 

Twenty  patients  1 17  men  and  .^  women  with  a  mean  (SD) 
age  of  6.^..^  (5..'=i)  years]  with  severe  COPD  admitted  to  the 
two  hospitals  with  w  hich  the  authors  are  associated  for  treat- 
ment of  an  acute  e.xacerbation  episode  comprised  the  con- 
venience sample  for  the  study.  The  patients  fulfilled  the 
American  Thoracic  Society  criteria  for  COPD.'^  Acute 
decompensations  were  defined  by  increased  cough,  puru- 
lent sputum  production,  recent  and  rapid  worsening  of  dys- 
pnea with  paradoxical  abdominal  motion  or  thoracoab- 
dominal as\  iichronism.  P.,():  <  60  torr.  P.ico:  >  30  torr  on 
admission  w  hen  breathing  room  air.  and/or  se\  ere  pulmonarx 
obstruction.  Mean  (SD)  \alues  for  pulmonar\  lunction  vari- 
ables expressed  as  %  predicted  were  forced  \  ital  capacity 
(FVC)  48.7  (12.8).  forced  expiratory  volume  in  one  sec- 
ond (FEV, )  30.5  (5.2).  FEV,/  FVC  42.1  (93).  and  forced 
expiratoiA  flow  after  50%  of  vital  capacity  has  been  expelled 
(FEFsd)  12  (.\5).  Criteria  for  excluding  patients  from  the 
study  included  need  for  endotracheal  intubation  and  mechan- 
ical ventilation  or  a  history  of  cardiox  ascular  disease  or  evi- 
dence of  pneumonia.  Patients  recei\ed  standard  treatment 
for  COPD  including  low-flow  oxygen  therapy  by  nasal  can- 
nula, bronchodilalor  tirugs  (aminoph\  llinc.  /J:-adrenoceplor 
aginiists).  corticosteroids,  antibiotic  therapy  (amoxicillin 
with  clasulanic  acid),  and  chest  physiiitherapy.  The  study 
protocol  was  approved  by  the  Ethics  Committee  of  the  par- 
ticipating hospitals. 

Both  noninvasive  \cniilaior\  modes  were  used  at  24-48 
hours  after  admission  w  ith  the  patient  in  a  semirecumbent  posi- 
tion, and  after  discontinuation  of  supplemental  oxygen  treat- 
ment. Each  patient  completed  a  3-houi'  study  session  di\  ided 
into  lour  45-fninute  periods,  ie.  baseline,  first  ventilatory  mode. 
weaning  of  mechanical  ventilation  (pause),  and  second  ven- 
idatory  mode.  Patients  in  whom  an  odd  number  had  been 
assigned  when  entering  the  study  underwent  EHFOV  as  the 
first  vcntilatorv  mode  ami  then  NIPPV;  whereas,  those  with 
an  even  number  hail  NIPPV  followed  by  EHFOV.  At  the  time 
of  the  studv.  the  mean  APACHE  II  score  was  17.1  (2.3)  and 
the  mean  gradation  of  dvspnea  was  2.5  (0.7)  according  to  Borg 
perceived  dyspnea  scale."' 

The  Hayek  oscillator  consists  of  a  chest  enclosure,  a  power 


*Suppliers  arc  ideiuit'ied  in  llic  Product  .Sources  section  ill  llic  end  ol  the 
text. 


unit,  and  a  coiuidI  unit.  The  chest  enclosure  (cuirass)  is  made 
of  clear,  flexible,  lightweight  plastic  and  is  bordered  by  soft 
foam  rubber.  It  is  designed  to  fit  snugly  over  the  chest  and 
upper  abdomen,  fhe  cuirass  is  connected  to  the  power  unit 
with  wide-bore  tubing.  Within  the  power  unit  is  a  diaphrag- 
matic pump  with  a  maximum  stroke  of  2  L.  which  can  oper- 
ate ov  er  a  wide  range  of  frequencies  to  generate  an  oscillat- 
ing pressure.  An  additional  v  acuum  pump  enables  this  oscil- 
lation to  be  superimposed  on  a  negativ  e  baseline.  Ventilator 
settings  were  similar  to  those  used  in  other  studies"  '  and 
included  Fjoi  0.2 1 ,  frequency  1 20  cycles/minute,  inspiratory 
pressure  -30  cm  H2O.  expirate>ry  pressure  +5  cm  H^O.  I-E 
ratio  1 :2.  Both  inspiratory  and  expiratory  phases  of  respira- 
tion are  actively  controlled. 

Intermittent  positive-pressure  ventilation  was  delivered  by 
a  standard  ventilator  used  for  the  application  of  continuous 
positive  airway  pressure  for  the  treatment  of  sleep  apnea  in 
the  assisted  mode,  with  a  commercial  nasal  mask  with  'air 
cushion.'  The  procedure  of  NIPPV  was  explained  and  the 
patient  was  made  familiar  w  ith  the  nasal  mask.  Ventilator  set- 
tings included  Fk).  0.21  and  an  inspirator\'  positive  airway 
pressure  of  10  cm  H2O.""* 

.Arterial  blood  was  sampled  via  a  catheter  inserted  in  a 
radial  artery  using  prepared  heparini/ed  syringes  and  ana- 
lyzed immediately.  Oxygen  saturation  was  continuously 
monitored  by  pulse  oximetry.  Vital  signs  and  blood  gases 
(PaO:-  PaCO:)  Were  recorded  at  the  end  of  each  45-minute 
period.  Tolerance  to  each  mode  of  ventilatory  support  w  as 
assessed  on  the  basis  of  subjective  criteria  (acceptability 
of  the  method  and  adaptation  to  ventilation)  and  objective 
criteria  (perceived  dyspnea  and  complications). 

Results  arc  shown  as  means  w  ith  standard  deviations. 
Vor  statistical  comparisi)ns  we  used  the  Wilcoxon  test  and 
the  analysis  of  variance.  A  p  value  of  <  0.05  was  consid- 
ered significant. 

Results 

Mean  (SD)  values  of  blood  ga.ses.  pH.  oxygen  satura- 
tion, bicarbonate,  base  excess,  heart  rate,  respiratory  rate. 
and  systolic,  and  diastolic  arterial  pressure  during  the  study 
period  are  shown  in  Table  I. 

According  to  changes  in  Paco;-  the  ventilatory  efficacy  of 
NIPPV  and  EHFOV  was  similar.  Differences  between 
ilecreases  in  P.,ro:  attained  with  both  modes  of  ventilation  were 
less  than  5  torr  in  13  patients,  between  5  and  10  torr  in  6 
patients,  and  higher  than  10  torr  in  I  patient. 

Acceptance  of  ventilatorv  support  was  excellent:  although 
at  the  beginning  of  NIPPV.  15  patients  had  to  be  taught  to  adapt 
their  inspiratory  effort  to  the  positive  pressure  and  to  avoid 
air  leaks.  At  the  end  of  the  study,  the  dyspnea  value  decreased 
in  17  patients  and  remained  unchanged  in  the  remaining  3. 
No  complications  were  observed  during  the  study.  All  patients 
eventually  recovered  without  requiring  intubation. 
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Table  I .      Means  and  Standard  Deviations  of  the  Variables  at  Baseline  and  alter  45  Minutes  ol  External  HiLih-Frequeney  Oseillalor>  \entilation 
(EHFOV).  No  Ventilation  (Pause),  and  Nasal  Intermittent  Positive-Pressure  Ventilation  (NIPPV). 


Variable 


Baseline* 


EHFOV 


Pause 


NIPPV 


pH 

7.37  (0.06) 

7.40  (0.03) 

7.38(10.07) 

7.41    (0.051 

Paco^  dorr) 

64.4  (12.0) 

56.4     (9.5)" 

65.4  (13.8) 

56.5   (11.6) 

PaO' (torr) 

52.9  (19.1) 

51.1   (22.3) 

52.0  (15.7) 

52.5     (8.2) 

Calculated  SaO-  (%) 

81.72  (9.5) 

SO.O  (10.8):« 

81.8     (8.97) 

84.7     (6.98) 

HCOi"  (mmol/L) 

36.3    (4.3) 

36.4     (3.8) 

36.4     (4.4) 

35.6     (4.7) 

Base  excess  (mmol/L) 

10.1     (3.8) 

10.5     (3.5) 

10.2     (3.7) 

10.1     (3.9) 

Heart  rate  (beats/min) 

99.8  (13.7) 

98.0  (14.2) 

100.2  (13.8) 

96.6  (14.4) 

Respiratory  rate  (breaths/min) 

30.3    (5.2) 

58.6  (30.4)  « 

31.0     (4.9) 

19.6     (6.3)' 

Svstolic  pressure  (mm 

Hg) 

123.4  (18.3) 

126.4  (14.8) 

121.9  (16) 

122.2  (15.5) 

Diastolic  pressure  (mm 

Hg) 

71.3     (7.7) 

74.8     (9.1) 

72.5     (8.12) 

71.7     (8.4) 

*Differences  between  Baseline  and  Pause  values  are  not  statistically  significant;    p  <  0.001  compared  to  Baseline;    p  <  0.05  compared  to  Baseline; 
>  p  <  0.001  compared  to  NIPPV. 


Discussion 

Twenty  patients  with  acute  decompensations  of  COPD  have 
been  successfully  ventilated  noninvasively  using  NIPPV  or 
EHFOV.  Both  mcxles  of  \  entilatorv'  suppon  caused  an  improv  e- 
ment  in  alveoku"  ventilation,  with  significant  changes  in  P^co; 
and  pH.  As  far  as  we  are  aware,  this  is  one  of  the  few  reports 
of  negative-pressure  ventilation  in  unstable  COPD.  In  addi- 
tion, no  study  has  directly  compared  NIPPV  to  EHFOV. 

The  good  tolerance  to  both  methods  and  absence  of  com- 
plications confimi  the  data  reported  in  the  literature""*'-'  and 
appear  to  be  important  elements  to  be  taken  into  considera- 
tion. However,  although  alertness  and  willingness  to  coop- 
erate with  the  noninvasive  ventilatory  method  were  neces- 
sary to  participate  in  the  study.  NIPPV  was  time-consuming 
for  the  health-care  team  and  seems  to  require  specific  tech- 
nical capacities  and  active  cooperation  by  the  patient.--  This 
latter  condition — not  always  present  in  all  decompensated, 
severely  hypercapnic  COPD  patients — may  be  an  impoilani 
aspect  that  may  influence  the  selection  of  the  most  appiopriatc 
ventilatory  support  technique. 

The  initial  results  obtained  with  EHFOV  in  the  man- 
agement of  respiratory  failure  due  to  COPD.  particularly  to 
prevent  the  need  for  intubation  and  mechanical  ventilation. 
are  encouraging."  In  contrast  to  other  modalities  of  exter- 
nal ventilation.-'-"'  the  Hayek  oscillator  controls  both  phases 
of  respiration  (ie,  active  inspiration  and  expiration),  achiev- 
ing high  frequencies  and  higher  volumes.  In  the  study  of  Piqiiet 
et  al.'-  high-frequency  chest  wall  oscillation  superimposed 
on  spontaneous  expiration  in  12  male  patients  with  severe 
COPD  improved  gas  exchange  and  relieved  the  load  of  inspi- 
ratory muscles.  According  to  these  authors,  this  technique 
represents  a  new  application  of  transthoracic  high-frequency 
ventilation  and  can  have  a  positive  impact  on  physiotherapy 
and  care  of  ambulatory  patients  with  chronic  air-tlow  obstruc- 
tion. Spitzer  and  associates"  studied  the  effect  of  the  Hayek 
oscillator  on  20  patients  with  severe  COPD.  The  similar 


response  of  the  patients  to  four  different  frequencies  (60,  90. 
120.  and  140  cycles/min)  indicates  that  frequencies  above 
140  cycles/minute  would  not  be  more  effective  than  those 
tested.  Although  we  used  a  fixed  frequency  of  120  cycles/ 
minute,  the  frequency  chosen  may  be  adjusted  in  accordance 
with  the  comfort  of  the  patient  during  application  of  the  oscil- 
lator. On  the  other  hand,  amplitude  should  be  selected  indi- 
vidually on  the  basis  of  severity  of  disease  and  compliance 
of  the  chest  wall.  Lean  patients  require  lower  amplitude  than 
obese  patients,  and  patients  with  less  impaimient  require  lower 
amplitude  than  severely  impaired  patients." 

The  increases  in  SaO:  in  our  study  should  be  interpreted 
with  caution  because  oxygen  saturation  was  calculated  from 
arterial  blood  gas  analysis.  Further,  our  study  was  a  short- 
term  study. 

It  has  been  postulated  that  NIPPV  improves  \  entilation 
and  gas  exchange  by  resting  the  fatigued  muscles,  increas- 
ing lung  compliance,  or  resetting  respiratory  center  sensi- 
tivity to  CO:.  These  theories,  however,  are  not  mutually  exclu- 
sive and  could  contribute  more  or  less  depending  on  the 
patient.**  The  mechanical  and  physiologic  changes  respon- 
sible for  the  beneficial  effects  of  EHFOV  (in  which  spon- 
taneous ventilation  is  oveixidden  almost  completely  by  the 
rapid  action  of  the  device)  have  not  been  fully  explored,  al- 
though it  has  been  suggested  that  a  reduction  in  Paco;  imd 
improvement  in  respiratory  function  may  be  secondary  to 
reversal  of  respiratory  muscle  fatigue.'-  '■' 

In  summary.  NIPPV  and  EHFOV  appear  to  be  valuable 
options  in  the  treatment  of  patients  with  severe  COPD,  espe- 
cially in  the  course  of  acute  decompensations.  Supplemen- 
tal oxygen  can  be  provided  during  NIPPV  and  EHFOV,  if 
needed,  to  obtain  an  adequate  arterial  saturation.  Adaptation 
to  EHFOV  is  easy  because  active  cooperation  is  not  required. 
Therefore  the  degree  of  the  patient's  cooperation  is  an  impor- 
tant feature  that  influences  the  choice  of  the  method.  Because 
NIPPV  is  not  tolerated  by  some  patients.  EHFOV  may  be  a 
useful  alternative.  In  our  opinion,  both  methods  can  be  etfec- 
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lively  used  in  severe  COPD  and  respiratory  failure  for  assist- 
ing ventilation  and  reducing  the  needs  for  intubation  and 
mechanical  ventilation  and  for  imprcninj:  outcome  in  patients 
with  acute  exacerbations  of  COPD. 
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Prediction  of  the  Resting  Energy  Expenditure  of 
Mechanically  Ventilated  Patients  in  the  Pediatric  hitensive  Care  Unit 

Mohamad  F  El-Kliadb  and  Bonnie  J  Rosolowski  RRT 


INTRODUCTION:  Critically  ill  infants  and  children  who  require  mechan- 
ical ventilation  are  susceptible  to  malnutrition.  Formulas  for  determining  energy 
requirements  in  these  patients  have  not  been  accurate  and  reliable.  Knowl- 
edge of  their  energy  requirements  is  essential  for  designing  nutritional  reg- 
imens to  reduce  carbon  dioxide  production.  Inappropriate  nutritional  sup- 
port may  add  to  the  effects  of  disease  and  prolong  recovery  and  mechanical 
ventilation.  OB,|p]CTlVE:  We  attempted  to  derive  new  equations  for  estimation 
of  measured  energy  expenditures  (MEE)  in  children  and  infants  receiving 
mechanical  ventilation  in  the  pediatric  intensive  care  unit  (PICU).  METH- 
ODS: We  retrospectively  compared  the  values  of  MEE  to  those  predicted  by 
the  Harris-Benedict  (HE),  the  World  Health  Organization  (WHO),  and  the 
Schofield  equations,  for  all  PICl'  patients  evaluated  with  a  metabolic  cart  from 
1/1/92  to  3/31/95.  Indirect  calorimetry  was  performed  on  mechanically  ven- 
tilated patients  receiving  oxygen  concentrations  <  0.60  and  with  no  audible 
air  leak.  RESULTS:  60  children  (34  boys;  26  girls)  with  a  mean  (SD)  age  of 
7  (6.8)  years  were  identified,  and  77  measurements  were  performed.  MEE 
was  significantly  less  than  energy  expenditure  estimated  by  HB  or  W  HO  equa- 
tions. The  Schofield  equation  significantly  underestimated  MEE.  Equations 
resulting  from  multiple  linear  regression  analysis  of  MEE  were:  Boys:  MP]E 
(Kcal/day)  =  3.3  Height  (cm)  +  5.7  Weight  (kg)  +  75.7  Age  (years)  +  42.3  (r- 
=  0.78);  girls:  MEE  (Kcal/day)  =  13.9  Height  (cm)  +  9.5  Weight  (kg)  -  42.2 
Age  (years)  -  507  (r-  =  0.85).  CONCLUSION:  Accurate,  direct  measurements 
of  energy  expenditure  are  recommended,  but  when  a  metabolic  cart  is  not 
available,  the  equations  derived  from  our  data  should  provide  a  good  esti- 
mation. LRespirCaie  l996;4U3j:19l-196J 


Introduction 

Metabolic  measurements  for  determination  of  oxygen  con- 
sumption (Vq,),  carbon  dioxide  production  (Vco:)-  respira- 


Dr  El-Khatib  is  associated  with  the  Division  of  Pediatric  Pharmacology 
&  Critical  Care  and  Ms  Rosolowski  is  associated  with  the  Department  of 
Pediatric  Respiratory  Care — Rainbow  Babies  and  Children's  Hospital. 
Cle\  eland.  Ohio. 

An  abstract  based  on  the  study  reported  here  was  presented  by  Dr  El- 
Khatib  at  the  Open  Forum  duiing  the  1995  AARC  Annual  Meeting  in 
Orlando,  Florida. 

Reprints:  Mohamad  F  El-Khatib.  Division  of  Pharmacology  &  Critical 
Care,  Rainbow  Babies  and  Children's  Hospital,  1 1 100  Euclid  Avenue, 
Cleveland  OH  44106-6010. 


tory  quotient  (RQ),  and  resting  energy  expenditure  (REE) 
are  essential  to  patient  nutiitional  aid  and  assessment,'-*  assess- 
ment of  weaning  success  and  outcome."*^  and  assessment  of 
the  relationship  between  oxygen  delivery  (Do:)  and  Vq:."' 
Malnutrition  is  a  common  problem  in  critically  ill  patients. 
Although  tew  data  ate  available  to  pfecisely  define  the  inci- 
dence of  malnutrition  in  mechanically  ventilated  patients, 
it  occurs  in  as  many  as  ISVc  of  respiratory  intensive-care- 
unit  patients.'  '^  Although  poor  nutritional  status  does  not 
appear  to  predispo.se  to  the  need  for  mechanical  ventilation, 
inalnourished  patients  who  require  mechanical  ventilation 
have  a  significantly  higher  mortality  than  those  who  are  well- 
nourished.''  Measureinent  of  REE  and  RQ  has  been  shown 
to  be  helpful  in  designing  nutritional  regimens  to  reduce  Vco: 
in  patients  with  chronic  obstructive  pulmonary  disease 
(COPD)  and  patients  requiring  mechanical  ventilation.""'' 
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Avoidance  of  excessive  nutritional  sujipoil  at  the  time  olv\  can- 
ing from  mechanical  ventilation  can  help  prevent  the  devel- 
opment of  hypercapnia.'^  '■' 

There  is  a  growing  clinical  emphasis  on  predicting  an  nidi- 
vidual's  optimum  nutritional  requirement.  Several  studies 
have  been  undertaken  in  the  adult  population  to  determine 
the  energy  expenditure  in  critically  ill  patients."'  '*'  However, 
little  is  known  about  the  energy  expenditure  for  patients  in 
the  pediatric  intensive  care  unit  (PICU). 

Two  methods  are  commonly  used  to  determine  the  caloric 
or  energy  requirements  during  mechanical  ventilation.  The 
first  uses  estimated  (eg.  Hams-Benedict,  or  HB;  World  Health 
Organization,  or  WHO;  or  Schotleld)  equations,  which  gi\e 
an  estimate  of  REE  as  a  function  of  patient's  height,  weight, 
age,  and  gender.  The  second  method  involves  measurement 
of  resting  energy  expenditures  (MEE)  by  indirect  calorime- 
try  (IC).  The  results  of  measurement  of  REE  in  mechanically 
\eniilated  patients  lia\'e  been  shown  to  be  more  accurate  than 
published  formulas  used  to  predict  REE""'^  -"  to  reduce  the 
incidence  of  overfeeding  and  underfeeding'*""  and  to  decrease 
costs  associated  with  total  parenteral  nutrition  (TPN).''' 
Although  performing  metabohc  measurements  using  an  indi- 
rect calorimeter  is  a  safe,  noninvasive  procedure,  some  haz- 
ards or  complications  might  be  encountered.  .Short-term  dis- 
continuation of  the  patient  from  the  ventilator  for  connection 
to  the  IC  apparatus  may  result  in  hypoxemia,  bradycardia, 
and  patient  discomfort.  Inappropriate  calibration  or  system 
setup  may  result  in  erroneous  results  leading  to  inappropri- 
ate patient  management,  hi  addition  to  its  high  costs  and  the 
need  for  highly  skilled  personnel  to  perform  the  IC  mea- 
surements, variable  costs,  such  as  those  for  desiccants  and 
standard  gas  mixtures,  are  associated  with  many  IC  systems. 

The  puipose  oi  this  study  was  to  deri\e  new  equations  tor 
estimation  of  the  RliE  in  children  and  infants  recei\ing 
mechanical  \entilalion  in  the  PICU. 

Methods 

All  patients  who  received  mechanical  ventilation  in  our 
PICU  and  \\ ho  v\ere  clinically  e\ aluatcd  w  ith  a  metabolic  ciul 
between  1  - 1  -92  and  }-}  1  -93  were  included  in  the  study.  Data 
were  obtained  fiom  patients'  records.  The  guidelines  forper- 
fornting  the  metabolic  test  ui  our  PICL'  letiuirc  thai  the  patient 
weigh  >  3.5  kg.  be  rccciv mg  mechanical  sLijiport  with  o\s- 
gen  concentrations  (Fno,)  <  0.60.  have  no  audible  air  leak, 
not  be  paral\  /ed,  and  be  able  to  achieve  a  steadv  state  dur- 
ing the  test.  .SteacK  state  is  defined  as  a  period  in  which  the 
\arialion  in  respirators  quotient  is  <  4'^  for  >  5  consecuti\e 
minutes.  .All  patients  were  \cnlilated  with  the  Ser\\i9(K)C  ven- 
tilator (Siemens-Elema  .-\B,  Sweden)  in  the  syiichroiii/eil  inier- 
mittenl  ventilatory  motle  (SIMV).  The  duration  of  measure- 
ments was  at  least  20  minutes. 

MEE  was  detcniiiiK'1.1  bv  IC.  using  a  compact,  stand-alone, 
oixjii-circuit.  computen/ed  metabolic  call  ( Meta.Scojv ' ,  C\ ber- 


medic.  Louisville  CO)  as  shown  in  Figure  1.  The  system  uti- 
lizes a  mixing  chamber  ( 15  in.  x  13.5  in,  X  12,5  in.)  for  exhaled 
gas  collection  iuid  includes  a  drying  system  to  eliminate  humid- 
ity. Prior  to  analysis,  ga.ses  are  conducted  through  a  semiper- 
meable membrane  system  and  then  routed  through  desiccant 
columns  to  remove  the  water  vapor.  The  Fooi  is  measured 
before  and  after  each  measurement  interval.  An  external  oxy- 
gen blender  is  always  added  to  assure  delivei^  of  a  constant 
F[)();.  With  an  indirect  calorimeter,  energy  expenditures  are 
determined  by  measuring  the  subject's  exhaled  gas  volume 
and  then  analyzing  the  concentration  of  oxygen  and  carbon 
dioxide  in  the  expired  gases. 


V/entilator 


Tap  for  Oo  Monitoring 


Figure  1 .  Experimental  set-up  for  indirect  calorimetry. 


Patients  were  div  ided  into  male  and  female  groups.  Mul- 
tiple linear  regression  analvsis  of  MEE  as  function  of  the 
patient's  height,  weight,  and  age  was  peifonned,  and  statistical 
significance  was  set  at  the  0.05  level.  In  addition,  the  HB  equa- 
tion was  utilized  to  estimate  the  patient's  total  energy  expen- 
diture. Using  the  Student's  i  test.  MEE  was  compared  to  the 
predicted  energy  expenditure  ( PEE )  by  the  HB,  WHO.  and 
Schoficld  equations. 

Results 

Records  from  dO  patients  \M  boys.  26  girls;  ranging  from 
1  month- 1 8  years,  w  ith  a  mean  (SD)  age  of  7  (6.8)  years]  were 
included  in  the  study.  Fasting,  except  for  intravenous  fluid 
w  iili  y  r  glucose,  was  imposed  on  all  patients  for  10-12  hours 
belorc  the  test.  Some  patients  were  ev  aluated  more  than  once. 
.Measurements  made  more  than  4S  hours  apiut  were  considered 
as  separate  data  points.  .A  total  oi  77  indirect  calorimetry  mea- 
surements were  performeil  (44  for  boys  and  33  for  girls).  Pri- 
marv  underlying  diseases  were  respiratory  (23  patients),  car- 
diac ( 17  patients),  neurologic  (6  patients),  and  i)thers  (14 
patienis).  .As  show  n  in  Figure  2,  MEE  was  significantly  less 
than  the  energy  expenditures  estimated  w  ith  either  the  HB 
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[mean  (SD)  =  47.9  (19)  vs  60.4  (38)  Kcal/kg/day.  p  <  0.01 ) 
ortlie  World  Health  Oig;mization  (WHO)  equations  (47.9  (19) 
vs  60.5  (33)  Kcal/kg/day,  p  <  0.01).  MEE  was  significantly 
greater  than  the  energy  expenditures  estimated  by  the  Schofield 
equations  (47.9  (19)  vs  41 .2  (13)  Kcal/kg/day.  p  <  0.01 ).  Mul- 
tiple linear  regression  analysis  performed  on  MEE  resulted 
in  the  following  equations: 


lOOn 


Boys: 


Girls: 


MEE  (Kcal/day )  =  3.3  Height  (cm)  + 

).7  Weight  (kg)  +  75.7  Age  (years)  +  42.3 

,2  —  n  7S 


=  0.78 


MEE  (Kcal/day)  =  13.9  Height  (cm)  + 

9.5  Weight  (kg)  -  42.2  Age  (years)  -  507. 

r==0.85 


Only  moderate  agreement  was  seen  between  MEE  and  pre- 
dicted energy,  using  the  HB.  the  WHO.  and  the  Schofield 
equations  (Table  1 ).  The  highest  agreement  was  achieved  with 
the  energy  expenditures  predicted  by  our  derived  equations 
(Fig.  3). 

Discussion 


WHO 


Schofield 


Fig.  2  tVleasured  energy  expenditure  (MEE)  vs  the  predicted  ener- 
gy expenditures  using  the  Harris-Benedict  (HB).  the  World  Health 
Organization  (WHO),  the  Schofield,  and  the  Khatib-Rosolowski 
(KR)  equations.  Values  are  IVIean  (SD),'  p  <  0  05  vs  MEE  (p  <  0,05 
vs  KR,  paired  Student's  ftest). 


The  results  demonstrate  that  in  critically  ill  infants  and  chil- 
dren receiving  mechanical  ventilation  in  the  PICU.  the  HB. 
WHO.  luid  tlie  Schofield  equations  were  not  useful  in  predicting 
actual  resting  energy  requirements.  There  were  large  varia- 
tions between  predicted  and  directly  measured  REE.  and  MEE 
was  significantly  different  than  PEE. 

The  HB  equation  is  frequently  used  to  determine  energy 
requirements  from  weight,  height,  age.  and  sex  and  was  orig- 


inally deri\ ed  from  data  obtained  from  health)  adults  in  1 9 1 9.-' 
With  the  availability  of  modeiTi  computers  and  advanced  math- 
ematical theories,  many  studies  have  attempted  to  improve 
upon  this  equation."^"-"--  -^  However,  most  of  these  stud- 
ies have  been  centered  on  adult  patients.  Few  studies-'' -'  have 
made  a  serious  attempt  to  e\  aluate  energy  requirements  in 
children.  Tilden  et  al-'  measured  REE  in  18  mechanically  ven- 


Table  I :      Equations  for  Estimation  of  Basal  Energy  Expenditure  in  Kcal/Day'* 


Male  Subjects 


Female  Subjects 


Harris-Benedict 


1  .^.7.';2  Wt  -I-  ."^.00.^  Ht  -  6.755  Age  +  66.473 


y.56.^  Wt  -I-  1 .850  Ht  -  4.676  Age  -I-  655.096 


World  Health  Organization  I  WHO) 
.V 10  years 
10- 1 8  years 

Schofield 
<  3  years 
3-10  years 
10-18  years 
>  18  years 

El  Khatib-Rosolowski 
Boys 
Girls 


22.7  Wt -I- 495 
1 7.5  Wt  -I-  63 1 


0.167  Wt -I-  13.174  Ht -617.6 
19.59Wt-l-  1.303  Ht -I- 414.9 
16.25  Wt -I- 1.372  Ht -I- 513.5 
15.057  Wt -I- 1.004  Ht -1-705.8 


22.5  Wt  -I-  499 
12.2  Wt -I- 746 


16.252  Wt+  10.232  Ht -413.5 

16.969  Wt-l-  1.61SHt-i-371.2 

8.365  Wt  -I-  4.65  Ht  +  200 

13.623  Wt -I- 2. S3  Ht  +  98.2 


MEE  (Kcal/day)  =  3.3  Height  (cm)  -I-  5.7  Weight  (kg)  -I-  75.7  Age  (years)  -I-  42.3 
MEE  (Kcal/day)  =  13.9  Height  (cm)  +  9.5  Weight  (kg)  -  42.2  Age  (years)  -  507 


r-=0.78 
r-=0.85 


*Wt:  weight  in  kg.  Ht;  heicht  in  cm.  Age:  in  vears. 
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Figure  3.  The  distribution  of  ttie  ratio  of  measured  energy  expenditure  (IVIEE)  to  that  predicted  using  the  Harris-Benedict  (HB),  the  World 
Health  Organization  (WHO),  the  Schofield,  and  the  Khatib-Rosolowski  (KR)  equations. 


tilatcd  patients  aged  2- 1 8  years,  using  IC.  They  reported  that 
in  the  absence  of  the  actual  measurement  of  REE,  tiie  rec- 
ommended energy  requirement  is  1 .5  times  basal  energy  expen- 
diture. In  contrast  to  the  current  study,  Tilden  et  al  did  not 
attempt  to  derive  an  ei|uation  that  could  estimate  the  REE. 
and  tiiey  suggested  only  that  the  basal  energy  e.xpenditure  for- 
mula be  shifted  upward.  Tilden  et  al  also  excluded  patients 
who  were  less  than  2  years  old.  Such  patients  represent  an 
important  jiortion  (32<J{ )  of  patients  included  in  our  study  and 
of  patients  that  we  usually  see  at  our  institution.  .Another  studs 


by  Kaplan  et  al-''  reported  that  the  HB  equation  does  not  pro- 
vide a  good  estimation  of  children  who  are  obese  and  or  who 
have  a  nutiitional  diagnosis  of  failure  to  thrive.  They  suggested 
that  the  .Schotleld  and  WHO/Unitcd  Nations  University  equa- 
tions could  better  estimate  REE  in  children.  A  recent  study-' 
confirmed  the  findings  of  Kaplan  et  al-*  in  healthy  children. 
In  the  current  study,  the  comparison  of  the  MEE  was  only 
in  reference  to  HB  for  a  number  of  reasons.  The  HB  equa- 
tion was  the  first  reported  equation  and  .still  the  one  most  widely 
used.  It  has  been  shown  to  be  accurate  in  some  patient  pop- 
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ulations — not  just  for  healthy  people.  Other  known  equations 
are  for  specific  age  groups. 

Multiple  lineiir  regression  was  used  to  deteniiine  the  regres- 
sion equations,  and.  therefore,  they  are  based  on  the  assump- 
tion that  a  lineiu'  relationship  exists  between  REE  and  the  inde- 
pendent parameters  (height,  weight,  and  age)  that  were  used 
to  derive  the  regression.  In  the  current  studs .  this  assumption 
was  verified  but  was  not  perfectly  linear,  which  is  reflected 
in  the  r-  of  the  final  regression. 

This  study  demonstrated  that  energy  expenditures  can  be 
measured  safely  in  critically  ill  pediatric  patients.  There  were 
no  complications  associated  with  the  use  of  the  metabolic 
measurement  can.  Air  leak  aroinid  the  endotracheal  leak  was 
not  a  problem  in  this  study.  Lack  of  an  air  leak  was  confirmed 
on  clinical  examination  by  absence  of  an  audible  air  leak  dur- 
ing mechanical  inspiration  and  during  testing  by  the  pres- 
ence of  stable  minule-to-minute  respiratory  quotient  values. 
A  recent  study-**  showed  that  in  the  absence  of  an  audible  air 
leak,  energy  expenditures  can  be  measured  accurately  in  PICU 
patients  recei\  ing  mechanical  \entilation. 

All  patients  were  studied  as  a  single  group,  regardless  of 
their  diagnostic  category.  The  major  disease  groups  were  res- 
piratory, cardiac,  and  neurologic.  However,  no  patients  were 
comatose  and  all  were  hemodynamically  stable,  receiving 
mechanical  ventilation,  and  afebrile.  Also,  these  patients  had 
been  fasting  for  10-12  hours  prior  to  performing  the  metabolic 
test.  The  current  study  is  an  initial  attempt  to  derive  a  universal 
equation  for  the  prediction  of  metabolic  rate  of  the  critically 
ill  infants  and  children  receiving  mechanical  ventilation  m 
the  intensive  care  unit.  Future  attempts  could  be  made  to  .sep- 
arate this  patient  population  into  subgroups  based  on  the  dis- 
ease type  and  to  re-evaluate  the  current  findings. 

Due  to  their  high  costs  and  the  need  for  skilled  professional 
staff.  IC  systems  may  not  be  available  in  most  PICUs.  Also, 
even  when  IC  systems  are  available  there  are  some  situations 
in  which  metabolic  measurements  are  not  accurate.  These  sit- 
uations might  result  from  the  patient  condition  or  certain  bed- 
side procedures  and  actix  ities.  such  as  perilimeal  and  hemodial- 
ysis.-'' or  could  result  Ironi  instability  of  Fdoz  due  to  changes 
in  source  gas  pressure  and  ventilator-blender  mixing  char- 
acteristics."' In  such  cases,  the  use  of  the  equations  derived 
in  the  current  study  might  be  helpful  in  estimating  REE  and 
lead  to  more  appiHipriate  feeding  regimens  and  mechanical 
support  strategy. 

Most  of  the  previously  reported  equations  for  energy  expen- 
diture estimation  were  derived  with  data  obtained  from  adult 
subjects.  Due  tii  the  important  differences  between  male  and 
female  body  habittis  and  muscle  mass,  separate  equations  were 
derived  for  male  and  female  groups.-'  Few  pediatric  studies 
have  looked  at  k)ys  and  girls  separately.-''-''  In  our  study,  we 
reported  two  different  equations  for  boys  and  girls.  However, 
we  also  combined  all  patients  into  one  group.  When  this  was 
done,  the  conelation  (r-  =  0.74)  was  no  better  than  when  boys 
(r-  =  0.78)  and  girls  (r-  =  0.83)  were  grouped  separately.  In 


an  attempt  to  obtain  a  uni\ersal  equation,  we  included  all  age 
groups  in  the  multiple  linear  regression  anals  sis.  However, 
this  w  as  preceded  by  analysis  of  two  age  groups  (<  and  >  than 
3  years  of  age).  The  obtained  results  were  not  significantly 
different  than  the  current  results. 

Our  study  does  have  limitations.  It  was  a  reQ-ospective  sttidy 
encompassing  a  period  of  slightly  more  than  3  years,  and  the 
number  of  subjects  and  measurements  was  small,  consider- 
ing the  heterogeneity  of  the  group  studied.  The  next  logical 
step  is  to  prospectively  validate  the  derived  equations  in  a  sim- 
ilar setting. 

In  Conclusion 

When  resting  energy  expenditure  cannot  be  measured 
directly,  clinicians  and  other  health-care  specialists  may  con- 
sider using  the  equations  presented  here  for  infants  and  chil- 
dren receiving  mechanical  ventilation  in  the  intensive  care 
unit.  These  equations  may  improve  the  accuracy  of  an  esti- 
mated resting  energy  expenditure  and  are  simple  to  use,  pro- 
vided that  accurate  weight,  heiszht.  and  age  are  available. 
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Evaluation  of  a  Protective  Sheath  for  Disposable  Pulse  Oximetry  Probes 

Da\id  R  Gerbei  DO,  Rocco  J  Santarelli  DO,  W  Eric  Scott  MD, 
Mary  Ellen  Kern  RN  MSN,  and  James  M  DtiBois  MHA  MIS  RRT 


BACKGROUND:  We  evaluated  a  protective  sheath  for  disposahle  pulse  oxime- 
try probes  that  is  intended  by  the  manufacturer  to  prolong  the  life  of  such 
probes  and  to  make  them  reusable  from  patient  to  patient.  DKVICE:  The  device 
is  a  preformed  tape  sleeve  with  an  adhesive  backing  to  be  placed  over  a  dis- 
posable pulse  oximetry  probe  that  has  been  modified  by  lamination.  MAI  E- 
RIALS  &  METHODS:  The  study  was  performed  as  a  prospective  clinical  trial 
in  a  10-bed  multidisciplinary  intensive  care  unit  in  a  5(»(>-bed  university  hos- 
pital. Probe  performance  was  evaluated  in  20  adult  patients  whose  oxyhe- 
moglobin saturation  was  being  monitored  continuously  by  pulse  oximetry  and 
whose  baseline  Spo,  was  >  90%.  All  patients  had  Spo,  measurements  recorded 
by  standard  disposable  pulse  oximetry  probes  and  identical  probes  modified 
by  the  protective  sheath  being  evaluated.  Spo,  was  recorded  every  15  min- 
utes for  12  readings/probe/paticnt.  and  the  readings  from  the  sheathed  and 
non-sheathed  probes  were  compared.  New  non-sheathed  probes  were  used 
on  each  subject,  and  5  sheathed  probes  were  alternated  among  the  20  sub- 
jects. RESUL IS:  Mean  Spo,  readings  were  97.5%  for  the  non-sheathed  probes 
and  98.1  %  for  the  sheathed  probes.  Differences  in  mean  Spo,  ranged  from 
0.1%  to  2.5%  in  individual  patients.  CONCLUSIONS:  The  protective  sheath 
studied  did  not  interfere  with  Spo,  measurements  in  the  range  tested  (>  90%) 
and  allows  effective  reuse  of  the  disposable  pulse  oximetry  probes  studied. 
[RespirCare  19%;4 1(3):  197-201 1 


Introduction 

The  use  of  pulse  oximetry  has  become  a  routine  part  of 
monitoring  in  the  intensive  care  unit  (ICU).  and  disposable 
pulse  oximetry  probes  have  come  into  wide  use  for  contin- 
uous monitoring  of  oxygen  saturations  (SpoO.  Although  dis- 
posable probes  may  be  more  comfortable  for  patients  and  more 
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convenient  for  health-care  workers  than  reusable  probes,  they 
can  add  significantly  to  equipment  costs  for  an  ICU  because 
they  are  not  intended  for  patient-to-patient  reuse  under  ordi- 
nary circumstances  and  because  probes  may  need  to  be 
changed  (for  a  variety  of  reasons)  on  an  individual  patient. 
In  this  paper,  we  report  on  our  preliminary  experience  with 
a  protective  sheath  for  disposable  pulse  oximetry  probes.  The 
primary  intent  of  this  sheath  is  to  confer  patient-to-patient 
reusability  on  oximetry  probes  that  have  been  regarded  pre- 
viously as  disposable,  A  proposed  additional  benefit  of  this 
sheath  is  that  it  may  prolong  the  useful  life  of  probes  even 
for  the  same  patient. 

Materials  &  Methods 

Study  Design;  Prospective  clinical  trial. 

Location:  Adult  medical-surgical  ICU  in  a  .SOO-bed  uni- 
versity hospital. 

Patients:  20  patients  were  studied.  All  had  baseline  Sp(v 
measurements  >  90%  by  oximetry. 
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Materials:  DisfK)sable  oxiiiietr)  probes  \s  ere  utilized  lo  mon- 
itor SpO:  in  all  subjects.*  The  device  tested  is  a  prefonned  tape 
sleeve  that  is  placed  over  a  disposable  probe  that  has  been  lam- 
inated with  tape.  The  laminated  probe  is  placed  within  the 
sheath,  which  has  an  adhesive  underside.  The  sheathed  probe 
is  then  applied  in  (he  routine  fashion,  using  the  sheath's  adhe- 
sive, rather  than  thai  ol  the  probe  (Fig.  1  A-C).  The  sheath 
can  be  removed  t'roni  ihc  skin  at  any  lime  and.  if  still  adhe- 
sive, reapplied  elsewhere.  If  the  caregiver  desires,  the  probe 
can  be  removed  from  the  sheath  and  reused  on  the  same  patient 
or  on  another  patient. 

Methods:  Each  patient  was  simultaneously  monitored  with 
two  disposable  pulse  oximetry  probes  on  different  digits. 
(Although  we  used  nonadjacent  digits  whenever  practical,  Sev- 
eringhaus  and  Naifeh'  ha\e  established  the  absence  of  inter- 
ference benveen  pulse  oximetiy  probes  e\en  when  they  are  placed 
on  adjacent  digits.)  One  probe  was  a  standard  Nellcor  D-25  probe, 
the  second  a  standard  probe  covered  with  the  sheathing  device 
being  tested.  Each  probe  was  connected  to  a  separate  oxime- 
U\  niinlule.  ;md  the  probes  were  cross-checked  against  both  mcxl- 
ules  to  ensure  consistency  of  readings  prior  to  each  trial.  The 
SpQ,  reading  from  each  probe  was  recorded  at  15-minute  inter- 
vals for  a  total  of  1 2  readings/probe/patient.  A  new  non-sheathed 
probe  was  used  on  each  subject,  and  .S  laminated  probes  were 
randomly  alternated  for  use  as  the  sheathed  probe  (each  probe 
used  from  2  lo  ."^  limes).  Laminated  priibes  were  cleaned  w  ith 
a  1()7(  isopropyl  alcohol  preparatit)n  between  patients,  as  sug- 
gested by  the  maiuifaclurer.  Spo,  readings  obtained  with  the 
sheathed  probes  were  compared  to  readings  from  the  non- 
shealhed  probe,  which  served  as  the  control.  Partial  pressure 
of  oxygen  as  delermiiied  from  direct  analysis  of  an  ;uierial  bkxxJ 
sample  was  not  measured  because  the  purpose  of  this  study  was 
to  evaluate  the  elfecl  of  the  shield  on  .S|<).  measurements  in  com- 
parison lo  measuremenls  made  with  a  sianilard  piobe. 

.Statistical  Analysis:  Oxygen  saturation  measurements  were 
assessed  using  a  paired  analysis  w  ithin  each  indiv  itiual  sub- 
ject. Agreement  between  the  two  devices  was  ev  aluated  b\ 
the  method  described  by  Bland  and  Altman.'  The  uppei'  and 
lov\ei'  limits  of  agreement  were  calculated  by; 

Upper  =  mean  difference  -I-  2  SD. 
Lower  =  mc;in  difference  -  2  .SD. 

Agreement  w  ithin  ±  4'/f  was  considered  adequate  because 
this  is  the  accepted  error  of  measurement  with  pulse  oxime- 
try under  ordinary  circumstances.'  .Analysis  was  performed 
on  repeated  pairs  ol  measurements  within  each  subject. 

The  stud)  was  approved  by  the  Cooper  Hospital/L'ni- 
versity  Medical  Center  lnslilutie)nal  Review  Board  as  a  min- 
imal risk  studv . 
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*Suppliers  arc  iJoiititicd  in  llie  Ptdciucl  .Sources  section  at  Ihc  ciict  ot 
Ihe  le.xt. 


Fig,  1,  A,  Probe  being  inserted  into  stieath  (shown  partially  insert- 
ed), B,  Sheath  with  probe  fully  inserted  being  removed  from  back- 
ing, exposing  adhesive  surface  of  sheath  C,  Sheathed  probe  ap- 
plied to  finger. 


Results 

Twelve  readings  from  each  probe  were  obtained  on  each 
subject,  for  a  total  of  4S()  Spo^  recorded  readings.  240  for  non- 
sheathed  and  240  lor  sheathed  probes.  Differences  in  mean 
Spo,  between  the  sheathed  and  non-sheathed  probes  v  aried 
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from  a  low  of  0. 1  ^r  to  a  high  of  2.5'7f .  Overall  mean  (SD)  SpO: 
was  97.59f  ( 1 .8 1 )  for  the  standard  probes  and  98.  \%{\.b\) 
for  the  sheathed  probes.  Readings  for  each  individual  probe 
are  presented  in  Table  1 .  For  the  purposes  of  this  study,  we 
considered  the  readings  by  the  standard,  non-sheathed  probe 
as  the  control.  With  an  accepted  error  of  measurement  oft 
49c  for  pulse  oximetry  when  the  arterial  saturation  is  greater 
than  70%.'  the  measurements  of  arterial  saturation  as  recorded 
by  the  shielded  probes  must  be  considered  essentially  iden- 
tical with  those  from  the  non-sheathed  probes.  Standard  devi- 
ations for  measurements  in  indi\  idual  subjects  were  similar 
for  the  non-sheathed  and  sheathed  probes,  indicating  that  vaii- 
ations  in  SpO:  as  recorded  with  the  sheathed  probe  were  con- 
sistent with  variations  as  recorded  by  the  non-sheathed  probe. 
In  no  case  did  the  differences  in  saturations  as  measured  by 
the  two  probes  reach  a  level  that  would  be  considered  clin- 
ically important  (ie.  the  differences  in  Spo,  as  measured  by 
the  two  probes  would  not  have  resulted  in  changes  in  ther- 
apy or  other  clinical  interventions). 

For  18  of  the  20  patients  evaluated,  agreement  between 
the  sheathed  and  non-sheathed  oximetry  probes  as  determined 
by  the  Bland  and  Altman-  technique  was  excellent  (within 
±4%).  For  two  patients  (Numbers  13  and  18).  the  lower  lim- 
its of  agreement  were  outside  this  range,  although  the  upper 
limits  fell  within  the  range.  Patient  13  had  a  lower  limit  of 
agreement  of -5.77.  However,  for  no  paired  measurements 
(between  the  sheathed  and  non-sheathed  probes)  of  SpO:  did 
the  difference  exceed  4'7r  for  this  subject,  and  this  was  reached 
only  once.  The  variability  of  saturation  readings  from  each 
of  the  two  probes  did  however  result  in  a  large  standard  devi- 
ation. In  a  similar  manner,  the  difference  between  the  two 
probes  never  exceeded  47c  for  Subject  1 8,  and  in  this  subject 
the  lower  limit  of  agreement  was  only  marginally  beyond  the 
predetermined  limit,  at  -4.1 1.  However,  as  in  Subject  13.  a 
large  standard  deviation  resulted  from  internal  variability  in 
saturation  readings  for  the  two  probes.  In  this  subject  in  par- 
ticular, it  should  be  noted,  the  general  trends  of  SpO;  mirrored 
each  other,  going  up  and  down  in  synchrony. 

Discussion 


Table  1.      SpO;  Readings  lor  Sliealhed  and  Non-Sheallied  Probes 


Patient 

Probe  Type 

Probe  Number* 

Mean  (SD)  SpO; 

1 

Non-.Sheathed 

98.1 

(0.52) 

Sheathed 

5 

98.7 

(0.49) 

2 

Non-Sheathed 

99.3 

(1.07) 

Sheathed 

3 

98.8 

(1.75) 

3 

Non-Sheathed 

98.5 

(1.00) 

Sheathed 

3 

99.7 

(1.16) 

4 

Non-Sheathed 

1011 

(0.00) 

Sheathed 

3 

99.0 

(0.85) 

3 

Non-Shealhed 

96.9 

(0.90) 

Sheathed 

3 

97.4 

(1.17) 

6 

Non-Sheathed 

99.3 

(0.62) 

Sheathed 

1 

99.8 

(0.39) 

7 

Non-Sheathed 

98.4 

(0.67) 

Sheathed 

1 

99.8 

(0.-34) 

8 

Non-Sheathed 

99.2 

(0.94) 

Sheathed 

2 

98.3 

(0.761 

9 

Non-Sheathed 

95.5 

(1..^4) 

Sheathed 

3 

95.6 

(1.31) 

10 

Non-Sheathed 

97.6 

(0.67) 

Sheathed 

4 

98.1 

(0.67) 

11 

Non-Sheathed 

97.5 

(0.52) 

Sheathed 

1 

97.0 

(0.74) 

12 

Non-Sheathed 

95.7 

(0.65) 

Sheathed 

2 

96.8 

(0.75) 

\i 

Non-Sheathed 

96,4 

(1.08) 

Sheathed 

1 

97.7 

(2.57) 

14 

Non-Shealhed 

96.7 

(0.65) 

Sheathed 

1 

96.9 

(0.51) 

15 

Non-Sheathed 

97.5 

(0.91) 

Sheathed 

1 

98.5 

(1.00) 

16 

Non-Sheathed 

98.7 

(0.99) 

Sheathed 

2 

97.8 

(1.12) 

17 

Non-Sheathed 

97.4 

(0.52) 

Sheathed 

4 

99.4 

(0.52) 

18 

Non-Sheathed 

95.3 

(1.07) 

Sheathed 

4 

97.8 

(0.62) 

19 

Non-Sheathed 

93.5 

(1.13) 

Sheathed 

4 

95.3 

(1.19) 

20 

Non-Sheathed 

98.8 

(0.58) 

Sheathed 

5 

Numbers  1-5. 

98.6 

(0.52) 

*  Refers 

only  to  shielded  probes 

Pulse  oximetry  has  become  an  extremely  common  mon- 
itoring technique  in  the  ICU  as  well  as  in  other  acute  patient 
care  areas,  such  as  the  operating  room  and  the  emergency 
depailment.  Such  monitoring  is  included  in  recent  guidelines 
established  by  the  Scxriety  of  Critical  Care  Medicine  witlT  regmd 
to  patients  receiving  continuous  oxygen  therapy^  or  those  in 
respiratory  failure  requiring  mechanical  ventilation^  and  has 
been  addressed  in  Clinical  Practice  Guidehnes  published  by 
the  American  Association  for  Respiratory  Care.*''  Because 
of  the  general  acceptance  of  pulse  oximetry  as  a  reliable  and 
useful  method  of  monitoring  the  oxygenation  status  of  patients, 
the  use  of  disposable  pulse  oximetry  probes  has  become  a  high- 
dollar  financial  obligation  for  hospitals. 


Efforts  to  decrease  the  costs  of  disposable  pulse  oxime- 
try probes  for  institutions  have  been  undertaken.  Published 
studies  have  explored  the  feasibility  as  well  as  the  constraints 
of  reusing  nominally  disposable  oximetry  probes.'"  The  ques- 
tion of  reusability  revolves  around  two  distinct  issues,  namely 
the  infectious  risk  associated  with  reusing  probes  between 
patients  and  the  ability  of  these  probes  to  continue  to  func- 
tion normally  for  extended  periods  of  time  and  after  being 
applied,  removed,  and  reapplied  to  patient  after  patient.  Data 
suggest  that  routine  cleaning  pixK-eilures  may  not  be  adequately 
effective  in  eliminating  contiuiiination  of  previously  used  probes 
by  pathogenic  organisms,"'-  although  the  association  of  such 
contamination  with  the  spread  of  nosocomial  infection  lias 
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not  been  well  (.kKUinentcd."  Reuse  of  disposable  probes  has 
been  shown  to  be  clinically  feasible.'"  although  technical  com- 
plications (such  as  obscuration  of  the  optical  windows  on  the 
probes  by  disrupted  adhesive)  may  limit  such  reuse. '^ 

The  device  we  studied  attempts  to  resolve  both  of  these 
issues.  Because  the  sheath  covers  the  probe  and  prevents  direct 
contact  v\ith  the  palienl.  questions  of  probe  contamination  and 
transmission  of  infectious  agents  from  patient  to  patient  are 
minimized.  Nevertheless,  it  is  recommended  by  the  manu- 
laciuicr  that  each  probe  be  cleaned  with  70',*  isopropyl  alco- 
hol between  patients.  The  issue  of  reusability  is  addressed  by 
the  product  as  well.  By  enclosing  the  oximetry  probe  in  a 
sheath,  it  is  protected  from  damage  b>  factors  such  as  per- 
spiration and  exogenous  substances.  Also,  because  it  is  the 
removable  sheath  that  is  taped  to  the  skin  rather  than  the  probe 
directly,  loss  or  other  derangement  of  the  adhesiv  e  part  of  the 
probe  is  not  an  issue.  Should  the  probe  have  to  be  relocated 
to  another  site  on  the  patient,  or  should  the  sheath  have  to  be 
changed  on  the  same  patient.  tl:e  projcctetl  S3  cost  of  the  sheath 
is  far  less  than  the  $10-15  cost  of  a  new  oximetry  probe.  In 
this  study  we  reused  the  laminated,  sheathed  probes  from  two 
ti)  five  times  each  without  adversely  affecting  their  ability  to 
accurately  detect  SpO:-  demonstrating  the  utility  of  this  device 
for  that  purpose. 

The  potential  for  cost  sav  ings  with  a  dev  ice  of  this  ivpc 
is  fairly  obvious.  One  report  relates  institutional  costs  of 
$  1 68.000  annually  for  1 2.500  disposable  o.ximetiT  probes.'" 
In  aiu)ther  studv .  a  change  from  using  onlv  disposable  probes 
to  using  only  reusable  probes  in  an  operating  room  yielded 
savings  of  $8,232  in  1  month,  and  projected  annual  savings 
of  S(ift.600.'^  Ba.sed  on  these  findings  it  can  be  seen  that  even 
a  modest  reduction  in  the  total  number  of  probes  used  can  lesult 
in  substantial  savings.  In  addition,  current  practices  for  reusing 
nominalK  dispt)sable  oximetry  probes  call  lor  reprocessing, 
which  includes  autoclaving  and  repackaging.  However,  this 
practice  should  not  be  nccessarv'  witli  the  pnxluct  tested  because 
it  is  the  sheath  rather  than  the  probe  that  is  the  patient-spe- 
cific component. 

Although  we  are  aware  of  equipment  costs  and  the  num- 
ber of  procedures  in  our  own  unit,  we  have  only  projected 
potential  savings  and.  thus,  are  not  able  to  report  actual  cost 
savings  to  our  institution.  This  is  a  limitation  of  our  study  and 
the  subject  of  ongiiing  analysis.  Likewise  contlning  the  study 
to  patients  with  Spo^  >  90%  is  also  a  limitatii>n.  The  effect  of 
the  sheath  on  accuracy  at  lower  saturations  siill  needs  to  be 
established,  although  preliminaiy  data  suggest  that  it  does  not 
adversely  affect  the  accuracy  of  the  Spo,  readings,  even  at 
extremely  low  levels."' 

We  believe  that  the  data  nidicate  that  the  Medical  Taping 
Systems  Probe  Shield  protective  sheath  for  disposable  pulse 
oximeliy  probes  does  not  interfere  w ith  the  accuracy  of  mea- 
surements of  Spo^  within  the  normal  (>  909f )  range,  as  in  the 
population  studied.  Given  this  apparent  clinical  reliability  and 
the  potential  lor  cost  savings  vv  ith  its  use.  we  suggest  that  strong 


consideration  be  given  to  adopting  the  use  of  this  product  in 
an  effort  to  reduce  the  costs  of  pulse  oximetry  without  adveiNcly 
affecting  patient  care. 
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SpaceLahs  91)4X9.  SpaceLabs.  Redmond  WA 

Portable  oximetry  module: 

PC  Express  90.^08.  SpaceLahs.  Redmond  VVA 
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CORRPXTION 


Figure  4  was  omitted  from  Del  Bufalo  C,  Morelli  A.  Bassein  L.  Fasano  L.  Quarta  CC,  Pacilli  AMG. 
Gunella  G.  Severity  scores  in  respiratory  intensive  care:  APACHE  II  predicted  mortality  better  than 
SAPS  II.  Respir  Care  I995:40(10):1042-I047.  It  is  printed  here  in  its  entirety.  We  regret  the  eiTor. 
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Fig.  4.  Receiver  Operating  Characteristic  (ROC)  curves  for 
APACHE  11  and  SAPS  11.  The  APACHE  11  ROC  (— »-)  area  is 
80.88%,  with  a  standard  error  (SE)  of  2.89%.  The  SAPS  11  ROC 
(— <^-)  area  is  73.52%,  with  an  SE  of  3.61%.  The  area  under  the 
ROC  curve  for  the  APACHE  II  system  was  significantly  greater  (p  < 
0.01)  in  our  intensive  care  unit  patients  with  respiratory  disease. 


Corrected  reprints  are  available  from  the  author:  Cimino  Del  Bufalo  MD.  Servizio  di  Fisiopatologia  Respiratoria.  Unita  di 
Terapia  Intensiva  Respiratoria.  Ospedale  Policlinico  S.  Orsola.  Via  Massarenti  9.  40138  Bologna.  Italy. 
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A  National  Survey  on  the  Prevalence  of  Cigarette  Smoking 

in  Pediatric  Respiratory  Care  Departments  and  Its 

Effect  on  Smoking  Cessation  Efforts 

Tci  i  Nikolai  Wilson  RCP  RPFT  RRT  aiul  RoIkmI  C  Cohn  MD 


BACKGROUND:  The  effects  of  second-hand  smoke  on  children  is  a  major 
health  concern.  A  number  of  studies  have  shown  impaired  Junfj  function  and 
higher  rates  of  respirators  tract  iUnesses  in  children  exposed  to  passive  cigarette 
smoke.  Pediatric  respiratory  care  practitioners  (RCPs)  are  often  the  first  pro- 
fessionals to  evaluate  and  treat  these  patients.  It  is  not  clear  how  many  pedi- 
atric RCPs  are  smokers  or  how  their  approach  to  patients  and  family  mem- 
bers who  smoke  is  influenced  by  their  smoking  status.  MKTHODS:  We  sur- 
veyed 59  respirat(try  care  department  managers  of  children's  hospitals  and 
other  pediatric  facilities.  RESULTS:  The  response  rate  was  56%.  The  mean 
number  of  RCPs/department  was  49.  On  average,  the  departments  reported 
that  KKf  of  RCPs  were  smokers.  Seventy  percent  of  departments  do  not  rou- 
tinely ask  patients  and  their  family  members  about  smoking  habits,  67%  of 
RCPs  do  not  routinely  counsel  parents  about  the  negative  consequences  of 
second-hand  cigarette  smoke,  and  94%  do  not  have  written  information  for 
patients  and  families  about  passive  cigarette-smoke  exposure.  Only  6(18%) 
reported  the  availability  of  a  cigarette  smoking-cessation  program.  In  depart- 
ments w  here  >  20%  of  the  staff  smoke  ( n  =  3).  no  routine  effort  to  educate 
parents  by  RCPs  was  reported.  In  departments  reporting  <  20%  smokers  (n 
=  30),  13  report  routine  efforts  to  educate  parents  about  the  health  effects 
of  passive  smoke  exposure.  CONCLUSION:  We  cctnclude  that  RCPs  need 
to  become  more  active  in  their  efforts  to  improve  patients'  health  by  offer- 
ing information  and/or  programs  to  pronutte  smoking  cessation  and  by  becom- 
ing nonsmoking  role  models.  [Respii  Care  1 996:4  l(3,i:2()2-2()5J 


Background 

The  effects  of  passive  cigarette-smoke  expoMiie  on  non- 
smokers  has  gained  national  attention.  The  En\  ironnicntal  Piiv 


Ms  Wilson  is  a  respirator)'  therapist.  Pulmonary  Function  Laborator). 
Department  of  Respiratory  Care.  The  Children's  Medical  Center — Dr 
Cohn  is  Associate  Professor  of  Pediatrics.  Wright  State  University  and 
Medical  Director.  Departnieni  of  Respiratory  Care.  The  Children's 
Medical  Cenier — Dayton.  Ohui 

Repriiils:  Ten  Nikolai  Wilson  RRT,  Department  of  Respiratory  Care.  The 
Children's  Medical  Cenier.  One  Children's  Pla/a.  Dasion  OH  4541)4. 


tection  Agency  has  classified  cigarette  sntoke  as  a  class  A  car- 
cinogen, a  distinction  shared  with  only  15  other  suhstances 
including  radon,  asbestos,  and  heii/ene.'  The  ett'eets  ot'sec- 
ond-haiid  smoke  on  children  ha\e  been  well  documented  and 
ha\e  been  reported  to  cause  impaired  pulmonary  tunetion. 
increased  airway  h\perreacli\  it\ .  and  higher  rates  o\  lower 
respiratory  tract  infections.'-*  Approximately  70%  of  children 
in  the  United  States  live  in  homes  with  at  least  one  active 
cigarette  smoker.^  Cigarette  smoke  generated  by  parents  who 
smoke  at  home  can  aggravate  symptoms  in  children  u ith 
asthma  and  can  e\en  trigger  asthma  attacks.'' 

Mans  authors  recommend  smoking  cessation  for  parents."*"'^ 
We  were  surj-jrised  to  find  few  data  on  the  prevalence  of 
cigarette  smoking  among  respiratory  care  practitioners  (RCPs) 
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in  the  U.S.  and.  especially,  among  those  who  care  for  chil- 
dren.'"'- To  determine  the  prevalence  of  cigarette  smoking 
among  pediatric  RCPs  and  to  determine  whether  smoking- 
cessation  counseling  is  provided  by  pediatric  respiratory  care 
departments  witl:  a  large  percentage  of  smokers,  we  surveyed 
the  managers  of  respiratory  care  departments  in  children's  hos- 
pitals and  other  pediatric  facilities. 

Methods 

Using  the  registration  list  of  the  National  Association  for 
Children's  Hospitals  and  Related  Institutions  (NACHRI).  a 
list  of  147  children's  institutions  was  obtained.'''  Fifty-nine 
were  chosen  to  receive  the  survey  based  on  the  existence  of 
an  active  respiratory  care  department.  Figure  I  lists  the  sur- 
\ev  questions.  The  survey  was  specifically  sent  to  the  res- 
piratory care  department  manager  to  obtain  their  perception 
of  the  smoking  status  and  counseling  habits  of  the  RCPs. 

The  surveys  were  mailed  with  an  accompanying  letter 
requesting  that  the  department  manager  respond  to  the  sur- 
vey. Surveys  were  returned  by  facsimile.  The  data  were  tal- 
lied by  one  of  the  investigators  (TNW)  and  recorded. 

The  data  were  broken  into  2  descriptive  groups:  depart- 
ments with  >  20%  RCP  smokers  and  depailments  with  <  20% 
RCP  smokers.  The  prevalence  of  smoking  and  provision  of 
smoking-cessation  counseling  among  RCPs  was  drawn  from 
this  information.  Data  were  not  subjected  to  statistical  anal- 
ysis because  of  the  small  sample. 

Results 

Thirty-three  responses  (56%)  were  received  from  hospi- 
tals in  22  different  states.  Five  responses  were  received  from 
Western  States.  3  from  Southwestern  States.  4  from  North- 
Central  States.  5  from  Mid- Atlantic  States.  3  from  South-Cen- 
tral States.  3  fi-om  Southeastern  States  and  10  from  Northeastern 
States.  Of  the  33  institutions  that  responded.  32  are  not  for 
profit,  and  30  are  short-term  general  (average  length  of  stay 
<  30  days)  children's  hospitals.  Average  annual  admissions 
were  9.075  (range  40-16.909),  with  an  average  bed  size  of 
199  (range  27-297).  Table  1  lists  these  characteristics  for 
responders  and  nonresponders. 

Eighty-five  percent  of  departments  provide  a  smoking  area 
for  employees.  88%  provide  a  smoking  area  for  families,  and 
one  respondent  has  a  smoking  area  that  is  used  by  both  staff 
and  families.  The  mean  number  of  RCPs/depaitment  v\  as  49 
(range  4-90).  On  average,  responding  departments  report  that 
10%  of  RCPs  are  smokers  (range  0%-34%).Of  respondents. 
70%  reported  that  RCPs  do  not  routinely  ask  family  mem- 
bers about  their  smoking  habits,  and  679(  responded  that  RCPs 
do  not  routinely  counsel  parents  about  the  negative  conse- 
quences of  second-hand  smoke.  The  majority  (94%)  of  res- 
piratory care  departments  do  not  prov ide  written  infomiation 
about  the  effects  of  second-hand  smoke  to  familv  members. 


Only  6  hospitals  (18%)  reported  the  availability  of  a  smok- 
ing-cessation program — 3  of  these  are  available  only  for 
employees.  Smoking-cessation  programs  are  being  developed 
in  2  departments. 

Table  1 .      Characteristics  of  Survey  Responders  and  Nonresponders 

Responders  Non  Responders 


Ownership 

Not-for-profit 

Church-operated 

Partnership 

Scope  of  Service 
Children's  general 
Children's  rehabilitation 
Children's  other  specialty 
Children's  orthopedic 
Children's  unit  of  general 

Length  of  Stay* 
Short  term 
Long  term 

Averaae  Beds 


32 

25 

0 

1 

1 

0 

30 

16 

T 

2 

1 

0 

0 

1 

0 

2 

30 

22 

3 

4 

IW  144 

(ranae  27-297)  (range  7-iyS) 


Average  Admissions/Year  9.076  5.157 

(range  40-16.909)     (range  19-11.456) 


*Short  term  =  <  30  ilavs.  loni!  term  =  >  30  days 


The  responses  were  summarized  in  2  groups:  respiratory 
care  departments  with  >  20%  RCP  smokers  and  those  with  < 
20%  RCP  smokers.  In  departments  with  >  20%  RCP  smok- 
ers ( n  =  3 ).  no  ( 0% )  routine  effort  by  therapists  to  counsel  par- 
ents was  reported.  In  departments  reporting  <  20%  RCP  smok- 
ers (n  =  30).  13  (39% )  reported  routine  efforts  to  educate  p;u-- 
ents  about  the  negative  consequences  of  second  hand  smoke. 

Discussion 

The  morbidity  among  pediatric  patients  from  passive  smoke 
exposure  has  been  extensively  reviewed  show ing  substantial 
health  effects  on  the  respiratory  system,  cardiovascular  sys- 
tem, fetus,  and  newborn.-'  It  is  interesting  to  note  that  depart- 
ment managers  responding  to  tliis  sui-vey  reported  a  10%  smok- 
ing prevalence  among  RCPs.  considering  that  others  report 
this  prevalence  to  be  close  to  that  of  the  general  public  — about 
26%.'"'-  This  discrepancy  could  be  due  to  underestimation 
of  smoking  prevalence  by  the  department  managers,  or  it  could 
be  that  there  is  a  different  smoking  prev  alence  among  RCPs 
w  ho  care  for  adults. 

Primary  prevention — ie,  preventing  recruitment  of  new 
smokers — is  the  most  effective  strategy  to  decrease  smok- 
ing prevalence.  Secondary  prevention — ie.  smoking  cessa- 
tion for  cun'ent  smokers — must  be  emphasized  because  L\iil- 
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Survey  of  Respiratory  Therapy  Departments  Regarding  Smoking  Cessation  Efforts 

1.  Is  there  a  smoking  section  on  hospital  property  for  employees?  (Yes      )        (No      ) 

2.  Is  there  a  smoking  section  on  hospital  property  for  visitors?  (Yes      )         (No      ) 

3.  How  many  respiratory  therapists  are  employed  in  your  department? 

4.  What  percentage  of  respiratory  therapists  employed  at  your  hospital  currently  smoke?  


5.  Do  respiratory  therapists  employed  by  the  hospital  routinely  ask  family  members 

about  their  smoking  habits?  (Yes      )        (No      ) 

6.  Do  respiratory  therapists  routinely  counsel  family  members  regarding  the  health 

effects  of  second-hand  smoke?  (Yes      )        (No      ) 

7.  Do  respiratory  therapists  routinely  provide  written  information  regarding  the  health 

effects  of  second-hand  smoke?  (Yes      )        (No      ) 

8.  In  what  setting  does  this  education  take  place? 

Emergency  room ,  Outpatient  setting ,  Inpatient  setting . 

9.  Does  your  hospital  offer  any  organized  classes  for  smoking  cessation?  (Yes      )        (No      ) 

10.  What  is  the  fee  for  the  program? 

1 1 .  How  many  sessions  are  included  in  the  program? 


Your  Name. 

Hospital 

Address 


Phone  Number. 


Is  there  a  specific  person  I  can  contact  for  further  questions  regarding  smoking  cessation  programs? 


Figure  1 .  Survey  distributed  to  59  children's  institutions  with  active  pediatric  respiratory  care  departments. 
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dren  whose  parents  smoke  are  also  likely  to  become  smok- 
ers in  the  future."*  An  aggressive  cigarette  smoking-cessation 
public  health  program  directed  at  both  parents  and  children 
is  needed.  This  requires  the  strong  support  of  respiratory  care 
practitioners,  who  must  first  become  role  models  and  advo- 
cates by  exhibiting  smoke-free  lifestyles.  A  survey  by  Rob- 
bins,  Albright  and  Deutsch"  explored  the  attitudes  of  RCPs 
towards  their  role  in  smoking  cessation.  They  found  that  more 
nonsmokers  and  former  smokers  agreed  that  nonsmoking 
advocacy  should  he  part  of  their  Job  responsibilities  than  did 
current  smokers. 

Tlie  credibility  of  an  RCP  smoker  in  the  role  of  a  stop-smok- 
ing advocate  is  questionable.  Tobacco  smoke  contamination 
of  clothing,  hair,  and  skin  may  linger  and  be  intense.'^  Long 
after  a  person  has  left  a  smoke-filled  ixxim.  the  odor  of  cigarettes 
on  hair  and  in  clothing  fabric  may  persist.  Smokers  usually 
are  not  sensitive  to  these  odors,  and  this  can  be  an  important 
problem — one  that  is  largely  overlooked  by  RCPs,  often  the 
first  health  professionals  to  assess  and  treat  children  w  ith  acute 
and  chronic  respiratory  problems." 

Survey  data  may  help  document  patterns  of  practice.  This 
survey  documents  a  lack  of  active  smoking-cessation  efforts 
by  pediatric  respiratoiy  care  departments,  who  are  dealing  not 
with  the  primary  smoker  but  the  child  who  is  an  involuntary 
smoker.  We  recognize  that  our  asking  the  department  man- 
ager questions  about  the  behavior  of  RCPs  may  not  gi\e  a 
totally  accurate  picture,  but  does  raise  the  issues  that  surround 
RCP  behavior  related  to  smoking  cessation. 

As  more  pediatric  respiratory  care  departments  become 
involved  in  smoking-cessation  efforts,  more  detailed  docu- 
mentation of  the  habits  of  RCPs  in  pediatric  institutions  and 
their  level  of  smoking-cessation  advocacy  is  wauanted.  We 
hope  our  study  provides  the  impetus  for  respiratory  care  depart- 
ments at  children's  hospitals  and  pediatric  facilities  to  assess 
the  smoking  habits  of  staff  members  and  develop  smoking- 
cessation  and  -prevention  programs. 

We  conclude  that  RCPs  need  to  become  more  active  in  their 
efforts  to  improve  patient's  health  by  offering  information 
and/or  programs  to  promote  smoking  cessation.  The  impor- 


tance of  positive  role  models  cannot  be  overstated.  RCPs  who 
smoke  must  first  examine  the  message  they  send  to  the  pub- 
lic, stop  smoking,  and  get  involved  in  the  efforts  to  promote 
smokins  cessation. 
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From  the  Centers  for  Disease  Control: 

Leads  from  the  Morbidity  and  Mortality  Weekly  Report 
Atlanta,  Georgia 


Case-Control  Study  of  HIV  Seroconversion  in  Health-Care  Workers 
After  Percutaneous  Exposure  to  HIV-infected  Blood — France, 
United  Kingdom,  and  United  States,  January  1988-August  1994 


MMWR  1995:44:929-9.1^:  one  kihlc 
omitted 

Health-care  workers  (HCWs)  are 
potentially  at  risk  for  human  immuno- 
deficiency  virus  (HIV)  infection  through 
occupational  exposures  to  blood.  Al- 
thiiuuh  prospective  studies  indicate  that 
the  estimated  risk  for  HIV  infection  after 
a  percutaneous  exposure  to  HIV-infected 
blood  is  approximately  0.3*5^.'  -  factors 
that  influence  this  risk  have  not  been 
detemiined.  To  assess  potential  risk  fac- 
tors. CDC.  in  collaboration  with  French 
and  Biitish  public  health  authorities,  con- 
ducletl  a  retrospecti\e  case-control  study 
using  data  repoiled  to  national  sur\eil- 
lance  systems  in  the  United  States. 
France,  and  the  United  Kingdom.  This 
report*  describes  the  study  and  sum- 
marizes results  that  suggest  that  risk  fac- 
tors for  HIV  transmission  include  cer- 
tain characteristics  of  the  exposure  and 


*Reptirleti  by:  State  and  lerriliinal  health  dcpts. 
CDC  Ciiopcralive  Ncedleslick  Sur\eillaiicc 
Group.  D  Ahitchoul.  Ml).  Instilut  National  de 
Recherche  et  de  Securite  and  Groupe  d'F.iude 
sur  le  Risque  d' Exposition  au  Sang,  Paris.  F 
Lot.  MD,  Reseau  National  de  Sante  Publique. 
Saint  Maurice.  France.  J  Heptonstall. 
MRCPath,  Public  Health  Laboratory  .Service 
Coniiiumicahle  Disease  Surveillance  Center. 
London.  I'nited  Kingdom.  Div  of  HIVV.MDS 
Prevention.  National  Center  for  Prevention 
Svcs;  Hospital  Infections  Program.  National 
Center  lor  Infectious  Diseases.  CDC. 


the  source  patient;  in  addition,  post- 
exposure use  of  zidovudine  (ZDV)  by 
HCWs  was  associated  with  a  lower  lisk 
for  HIV  transmission. 

Case-HCWs  had  a  documented  oc- 
cupational percutaneous  exposure  to 
HIV-infected  blood  (i.e..  a  needlestick 
or  a  cut  with  a  shatp  object  [e.g..  scalpel 
or  lancet]).  HIV  seroconversion  tem- 
|-iorally  associated  with  tlie  exposure,  and 
no  other  concurrent  exposure  to  HIV. 
Conttdl-HCWs  had  a  d(x:utnented  (x:cu- 
pational  percutaneous  exposure  to  HIV- 
infected  blood  and  were  HIV  sero- 
negative at  the  time  of  exposure  and  at 
least  6  months  later.  Case-HCWs  were 
identified  through  reports  to  national 
sui\eillance  systems  for  occupational  ly 
acciuired  HIV  infection  operated  by 
CDC.  in  cooperation  with  state  iind  Uxtil 
health  depailmcnts  (United  States),  the 
National  Public  Health  Network  ( Reseau 
National  de  Sante  Publique)  (France), 
and  the  Public  Health  Laboratory  Ser- 
vice Communicable  Disease  Sur\eilkuice 
Center  (United  Kingdom).  Control- 
HCWs  were  identitled  through  repoils 
to  a  passive  sur\eillance  project  main- 
tained by  CDC  since  I9S.^  that  includes 
data  from  approximately  .i(X)  health-care 
institutions  in  the  United  States.' 

The  study  included  all  case-HCWs 
reported  in  the  United  States  whose 
exposure  occutred  during  January  I9S8- 
.^\ueust   1994  and  all  control-HCWs 


exposed  after  Januar\  198S  whose  6- 
month  follow-up  evaluation  was  com- 
pleted as  of  August  1 994.  Case-  and  con- 
trol-HCWs  repoiled  in  the  United  States 
before  1988  were  excluded  from  the 
analysis  because  information  on  some 
variables  was  not  routinely  collected  and 
because  postexposure  use  of  ZDV  was 
infrequent  before  1988.'  For  similar  rea- 
sons, imalysis  was  limited  to  case-HCWs 
reported  in  France  since  1940  and  in  the 
United  Kingdom  since  I9.S9. 

Information  obtained  about  HCWs 
included  age:  sex;  occupation;  work  lo- 
cation; and  whether  postexposure  anti- 
retroviral  agents  were  offered,  whether 
they  were  used,  how  long  after  the  expo- 
sure the  first  dose  was  used,  daily  dosage. 
and  duration  of  treatment.  Information 
about  source  patients  included  stage  of 
HIV  infection  (acquired  immunodefi- 
ciency syndrome  |AIDS|.  symptomatic, 
or  asymptomatic),  use  of  antiretroviral 
drugs  at  the  time  of  the  HCW's  expo- 
sure, and  presence  of  terminal  illness 
(i.e..  death  because  of  AIDS  within  2 
months  after  the  exposure). 

Infotniation  about  exposures  included 
the  type  of  device  involved,  gauge  of 
hollow-bore  needle,  type  of  procedure 
being  perfoimed.  whether  the  pixK'edure 
was  an  emergency,  use  of  gloves,  time 
from  use  of  the  device  to  expt)sure.  pres- 
ence of  visible  blood  from  the  source 
patient  oti  the  de\ice.  and  severity  of 
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injury.  Severity  of  injury  was  defined 
as  superficial  (surface  scratch,  no  blood 
appeared),  moderate  (penetrated  skin  and 
blood  appeared),  or  deep  (deep  puncture 
or  wound  with  or  without  bleeding). 

The  study  included  31  case-HCWs 
(23  from  the  United  States,  five  from 
France,  and  three  from  the  United  King- 
dom) and  679  control-HCWs  (who  were 
from  190  of  the  reporting  health-care 
institutions).  Of  the  31  exposures  sus- 
tained by  case-HCWs,  29  (94%)  were 
needlesticks  (all  with  hollow  needles) 
and  two  (7%)  involved  other  sharp 
objects.  Of  the  679  exposures  sustained 
by  control-HCWs.  620  (91  ^r)  were 
needlesticks  (including  594  hollow  and 
26  solid  needles)  and  59  (9%)  involved 
other  sharp  objects. 

For  both  case-  and  control-HCWs, 
74%  were  exposed  during  1990-1994, 
when  ZDV  postexposure  use  had  be- 
come more  common.'  During  1990- 
1994.  17  (81%)  of  21  case-HCWs  had 
been  offered  ZDV.  and  from  Septem- 
ber 1990  (when  collection  of  informa- 
tion on  whether  ZDV  was  offered  to 
control-HCWs  became  routine)  through 
1994,  268  (79% )  of  338  control-HCWs 
were  offered  ZDV.  ZDV  postexposure 
prophylaxis  was  used  by  nine  (29%) 
case-HCWs  and  247  (36%f)  control- 
HCWs  (crude  odds  ratio  =  0.7;  95%^  con- 
fidence interval  =  0.3-1.7).  Regimens 
for  case-  and  control-HCWs  generally 
were  1 .000  mg/day  for  3-4  weeks:  the 
small  number  of  case-HCWs  who  used 
ZDV  precluded  assessment  of  differ- 
ences in  ZDV  regimens  between  case- 
and  control-HCWs. 

All  variables  that  were  statistically 
significant  in  the  univariate  analysis  and 
variables  potentially  important  for  pre- 
vention (e.g..  use  of  gloves,  whether 
ZDV  was  offered,  and  whether  ZDV 
was  used)  were  examined  using  logis- 
tic regression  analysis.  Based  on  this 
analysis,  factors  associated  with  HIV 
transmission  included  a  deep  injury, 
device  visibly  contaminated  with  the 
source  patient's  blood,  procedures  in- 
volving a  needle  placed  directly  in  a  vein 
or  artery,  and  terminal  illness  in  the 
source  patient.  In  addition.  case-HCWs 


were  significantly  less  likely  to  use  ZDV 
than  control-HCWs  (adjusted  odds  ratio 
=  0.2,  p<  0.01).*  The  crude  odds  ratio 
for  ZDV  use  differed  from  the  adjusted 
odds  ratio  because  ZDV  use  was  more 
frequent,  among  both  case-  and  control- 
HCWs.  for  exposures  characterized  by 
the  other  factors.  All  factors  in  the  model 
also  were  significant  when  the  analysis 
was  restricted  to  case-HCWs  from  the 
United  States. 

The  degree  of  susceptibility  to  ZDV 
of  HIV  strains  from  source  patients  and 
case-HCWs  is  unknown.  Information 
about  antiretroviral  treatment  for  source 
patients  was  available  for  seven  case- 
HCWs  and  124  control-HCWs  who 
had  used  ZDV;  five  (71%-)  case-HCWs 
and  87  (70%)  control-HCWs  were  ex- 
posed to  blood  from  source  patients 
who  had  been  receiving  ZDV  at  the 
time  of  the  exposure. 

CDC  Editorial  Note:  The  findings  in 
this  report  indicate  that,  among  the 
HCWs  in  this  study,  an  increased  risk 
for  HIV  infection  following  percuta- 
neous exposures  to  HIV-infected  blood 
was  associated  with  three  factors.  First, 
the  risk  increased  if  the  exposure 
involved  a  larger  quantity  of  blood,  indi- 
cated by  ( 1 )  a  device  visibly  contami- 
nated with  the  patient's  blood.  (2)  a  pro- 
cedure that  involved  a  needle  placed 
directly  in  a  vein  or  artery,  or  (3)  a  deep 
injury.  Second,  the  risk  increased  for 


'  Information  on  terminal  illness  in  the  source 
patient  was  missing  for  19%  of  case-HCWs 
and  48^70  of  control-HCWs;  information  on  vis- 
ible blood  on  device  was  missing  for  3%  of 
case-HCWs  and  6%  of  control-HCWs.  By 
receding  the  missing  values  to  zero  and  includ- 
ing missing  value  indicator  variables  for  these 
factors  in  the  model,  these  HCWs  were 
retained  in  the  analysis  and  their  potential  con- 
founding influence  could  be  assessed.  No  sig- 
nificant interactions  were  found  among  the  risk 
factors  in  the  model  or  between  the  risk  factors 
and  the  missing  value  indicators.  When  all 
HCWs  with  missing  values  for  any  of  the  fac- 
tors were  excluded  from  the  analysis,  all  of  the 
factors  remained  significant,  with  similar 
adjusted  odds  ratios  but  larger  confidence 
intervals. 


exposures  to  blood  from  source  patients 
with  terminal  illness,  probably  reflect- 
ing the  higher  titer  of  HIV  in  blood  late 
in  the  course  of  AIDS  or  other  factors, 
such  as  the  presence  of  syncytia-induc- 
ing  strains  of  HIV.'''*  Finally,  the  anal- 
ysis of  these  data  suggested  that  use  of 
ZDV  postexposure  may  be  protective 
for  HCWs.  After  controlling  for  other 
factors  associated  with  HIV  transmis- 
sion risk,  the  model  indicates  that  the  risk 
for  HIV  infection  among  HCWs  who 
used  ZDV  was  reduced  by  approxi- 
mately 79%  (95%-  CI  =  437c-94%) 
(based  on  adjusted  odds  ratio  =  0.21; 
95%  CI  =  0.06-0.57).  However,  the  lim- 
itations of  the  study  design  must  be  con- 
sidered when  interpreting  these  results. 

A  retrospective  case-control  study 
is  not  the  optimal  study  design  for 
assessing  ZDV  efficacy.  The  optimal 
approach — a  prospective,  placebo-con- 
trolled trial — has  not  been  possible 
because  of  the  requirement  for  a  large 
number  of  HCWs  and  the  relatively  low 
rate  of  HIV  seroconversion  following 
occupational  exposure. '  The  findings  of 
this  study  also  are  subject  to  at  least  five 
potential  limitations. 

First,  case-  and  control-HCWs  were 
identified  using  different  data  sources. 
Second,  if  control-HCWs  were  more 
likely  to  have  been  offered  or  encour- 
aged to  use  ZDV,  then  use  of  the  drug 
might  be  statistically  associated  witli  lack 
of  HIV  seroconversion,  even  if  ZDV  is 
not  truly  protective;  however,  available 
evidence  does  not  suggest  that  control- 
HCWs  were  more  likely  than  case- 
HCWs  to  have  been  offered  ZDV. 
Third,  reporting  bias  may  have  resulted 
if  HCWs  preferentially  reported  expo- 
sures that  they  believed  were  more  likely 
to  result  in  HIV  transmission;  this  ten- 
dency presumably  would  be  similar  for 
case-HCWs  and  control-HCWs.  Fourth, 
ascertainment  bias  may  have  affected 
some  data,  particularly  subjective  vari- 
ables such  as  severity  of  injury,  because 
information  for  control-HCWs  was  ob- 
tained prospectively  soon  after  exposure 
but  information  for  most  case-HCWs 
was  obtained  after  HIV  seroconversion; 
however,  for  most  variables  e\  aluaicd. 
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objective  documentation  from  incident 
reports  and  medical  records  was  avail- 
able. Finally,  number  of  case-HCWs 
evaluated  was  small. 

Although  failures  of  postexposure 
ZDV  to  prevent  HIV  infection  in  HCWs 
have  been  documented.'  this  is  the  first 
study  of  HCWs  exposed  to  HIV  that 
assesses  the  effectiveness  of  ZDV  as 
postexposure  prophylaxis.  Studies  in- 
volving animals  have  yielded  incon- 
clusive results.'  In  studies  involving 
humans.  ZDV  was  reported  to  reduce 
the  rate  of  perinatal  HIV  transmission" 
and  to  be  beneficial  in  treating  early 
HIV  infection';  however,  the  implica- 
tions of  these  results  for  postexposure 
prophylaxis  are  uncertain.  The  short- 
term  toxicity  of  ZDV  in  HCWs  pri- 
marily has  been  gastrointestinal  dis- 
comfort and  fatigue.'  '"'** 

ZDV  is  not  approved  by  the  Food 
;ind  Dnig  Administration  for  use  as  pos- 
texposure prophylaxis.  In  a  previous 
statement,  the  Public  Health  Service 
(PHS)  concluded  that  a  recommenda- 
tion could  not  be  made  for  or  against  the 
use  of  ZDV  postexposure  prophylaxis 
because  of  limited  knowledge  regard- 
ing its  efficacy  and  toxicity."  PHS  rec- 
ommends that  HCWs  who  may  be  at 


risk  for  occupational  exposure  to  HIV 
infection  be  informed  of  the  consider- 
ations pertaining  to  the  use  of  ZDV  for 
postexposure  prophylaxis,  including  the 
risk  for  HIV  tr;insmission  after  the  expo- 
sure, factors  that  may  increase  or 
decrease  this  risk,  and  the  limited  knowl- 
edge regarding  the  potential  efficacy  and 
toxicity  of  ZDV  postexposure  prophy- 
laxis." If  a  decision  is  made  to  use  post- 
exposure prophylaxis,  it  should  be  ini- 
tiated promptly.''  PHS  is  e\aluating  the 
implications  of  the  study  summarized 
in  this  report  and  other  available  infor- 
mation in  assessing  the  possible  need  for 
revision  of  recommendations  for  man- 
aging occupational  exposure  to  HIV — 
particularly  regarding  postexposure  use 
of  antiretroviral  aaents. 
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Test  Your 
Radiologic  Skill 


Persistent  Coiisrh  in  a  Once-Wounded  War  Veteran 

Ali  Eniad  MD 


Case  Summary 

A  28-yeai-old  man.  who  had  sustained  a  bullet  wound  in 
the  war  in  1986.  now  complained  of  a  severe  paroxysmal 
cough.  At  the  time  of  his  injury,  he  had  undergone  exploratory 
abdominal  surgeiy.  which  showed  a  peiforated  right  diaphragm 
and  lacerated  liver;  both  were  repaired,  and  the  patient  was 
relatively  well  up  to  40  days  after  surgei7.  Thereafter,  he  grad- 
ually developed  dyspnea  on  exertion.  Chest  radiographs 
revealed  the  ele\'ation  of  the  right  hemidiaphragm  and  a  right- 
side  pleural  effusion.  He  underwent  another  abdominal  oper- 
ation during  which  the  liver  was  found  to  be  herniated  through 
the  diaphragm;  the  liver  was  reduced  into  the  abdomen,  and 
the  diaphragm  was  repaired.  Twenty  days  after  the  second 
abdominal  operation,  the  patient  developed  a  cough  that  per- 
sisted until  1994.  This  patient  was  refened  to  our  institution 
because  the  cough  had  worsened  and  become  paroxysmal. 
Elevation  of  the  right  hemidiaphragm  had  been  detected  on 
several  chest  radiographs  and  was  believed  due  to  sluggish 
movement  of  the  diaphragm. 

The  only  abnormality  on  the  physical  examination  was 
decreased  breath  sounds  in  the  right-lung  base.  Elevation  of 
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Nenia/.ee  Hospital  and  Shira/,  Medical  Science  University.  Shiraz.  Iran. 

Correspondence:  Ali  Emad  MD.  Department  of  Internal  Medicine. 
Nemazee  Hospital,  PO  Box  71345-1414.  Shiraz  University  of  Medical 
Science.  Shiraz.  Iran. 


the  right  hemidiaphragm  on  the  chest  radiograph  was  again 
noted.  Severe  nanowing  of  the  right-middle-lobe  bronchus 
and  mild  naiTowing  of  the  right-lower-lobe  bronchus  was 
detected  during  bronchoscopy.  Selective  right-lung  bronchog- 
raphy was  performed  (Fig.  I ). 


.^dlHl 


Fig.  1 .  Bronchograph  of  a  28-year-old  man  with  chronic,  persistent, 
and  paroxysmal  cough. 


How  would  you  answer  these  questions? 

What  are  the  most  striking  features  of  this  bronchogram?  


What  diagnoses  should  be  considered? 


When  is  bronchography  indicated? 


Answers  and  discussion  on  next  page 
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Striking  Features  of  the  Bronchogram 

The  most  striking  feature  of  this  bronchogram  is  the  marked 
elevation  of  the  right  hemidiaphragm.  In  healthy  subjects,  the 
right  hemidiaphragm  is  about  1-3  cm  higher  than  the  left.'  The 
main  and  lobar  bronchi  appear  narrowed. 

In  addition,  an  opaque  object — a  bullet —  can  be  seen  in 
situ  in  the  medial  aspect  of  the  right-lung  base. 

The  Diagnoses  To  Be  Considered 

Unilateral  elevation  of  a  hemidiaphragm  may  be  seen  in 
a  number  of  conditions.  Most  of  them  are  intrathoracic  con- 
ditions and  lead  to  loss  of  lung  volume — atelectasis  and 
hypoplastic  lung — and  require  lobectomy  or  pneumonectomy. 
Subphrenic  abscess.-  distended  abdominal  viscera,'  and  abdom- 
inal masses  may  also  cause  elevation  of  the  hemidiaphragm. 
Diaphragmatic  hernias  through  the  foramen  of  Morgagni  or 
Bochdalek  may  produce  symptoms  similar  to  those  associ- 
ated with  elevation  of  a  hemidiaphragm.^ 

One  of  the  major  causes  of  unilateral  elevation  of  a  hemidi- 
aphragm is  a  subpulmonic  effusion.'  This  diagnosis  is  usu- 
ally established  with  a  lateral-decubitus  chest  radiograph  that 
shows  a  gravity-dependent  fluid  level. 

Phrenic  nerve  palsy,  which  may  be  idiopathic  or  caused 
by  primary  lung  tumors,  mediastinal  masses  or  surgery, 
irradiation,  cervical  disk  herniation. or  herpes  zoster,  are 
some  of  the  common  causes  of  elevation  of  a  hemidi- 
aphragm." Pulmonary  embolism.'  eventration  of  the  dia- 
phragm,** traumatic  rupture  of  the  diaphragm,''  diaphrag- 
matic tumor,'"  and  lung  hepatization  are  other  less  com- 
mon causes  of  unilateral  elevation  of  a  hemidiaphragm. 
Phrenic  nerve  palsy  can  be  diagnosed  using  fluoroscopy, 
which  can  reveal  the  paradoxical  motion  of  the  diaphragm 
with  sniffing  and  coughing,  especially  when  the  patient  is 
in  the  side-l)ing  position." 

Indications  for  Bronchography 

Bronchography  seems  to  be  useful  for  evaluating  morpho 
logic  changes  in  the  bronchial  tree  in  certain  patients,  such 
as  those  with  bronchiectasis.  In  fact,  the  main  application 
for  bronchography  is  for  diagnosis  of  bronchiectasis,'-  Despite 
recent  advances  in  diagnosis  of  bronchiectasis  by  means  of 
computerized  tomography  (CT)  of  the  chest.'''''  bronchog- 
raphy is  still  the  gold  standard  test.  This  is  especially  true 
for  diagnosis  of  central  bronchiectasis  in  patients  with  aller- 
gic bronchopulmonary  aspergillosis. '^  Bronchography  can 
be  useful  for  diagnosis  of  congenital  tracheal  stenosis.'^ 
Swyer-James  syndrome, '^  bronchial  disruption  due  to  blunt 
chest  trauma."*  diverticulosis  of  the  main  bronchi.'"  agen- 
esis of  the  right  upper  lobe.-"  and  for  demonstration  of  suc- 
cessful dilation  of  bronchial  stenosis  by  implantation  of  endo- 
prostheses (stents).-'  Bronchography  should  be  performed 


when  bronchoscopy  and  CT  of  the  chest  fail  to  show  radio- 
graphically  occult  carcinomas. -- 

Bronchography  can  be  performed  by  instillation  of  a  con- 
trast media  via  the  transtracheal  route  or  cricothyroid  punc- 
ture into  the  tracheobronchial  tree  under  fluoroscopic  con- 
trol.-'-"* For  an  optimal  visualization  of  the  segmental  and  sub- 
segmental  airways,  anesthesia  of  the  endobronchial  tree  must 
be  adequate,  otherwise  the  patient's  cough  may  make  it  dif- 
ficult to  do  a  proper  bronchography.  Though  unpleasant  for 
the  patient,  a  selective  or  total  bronchography  via  a  fiberop- 
tic bronchoscope  is  safe,  simple,  quick,  and  well-tolerated.--''-^ 

The  contrast  medium  commonly  used  is  propyliodone 
(Dionosil).  The  usual  volume  required  is  10-15  mL.  How- 
ever, its  use  is  not  without  hazards  because  it  may  induce  aller- 
gic reaction  ranging  from  bronchospasm  to  death.  Other 
reported  complications  are  pulmonary  collapse-'  and  a  tem- 
porary impairment  of  ventilation  and  diffusion.-**  Whereas 
bronchography  was  commonly  used  in  the  past,  nowadays, 
many  clinicians  avoid  it.-" 

In  this  patient,  we  suspected  a  process  of  persistent  hep- 
atization of  the  right-lower  lobe.  Thoracotomy  was  per- 
formed. The  right  lower  lobe  was  found  to  be  attached  to 
the  diaphragm.  Both  the  right-middle  and  right-lower  lobes 
were  resected.  Histopathologic  findings  showed  a  red  hep- 
atization of  the  resected  lung  tissue  (Fig.  2)  in  our  patient, 
which  may  be  attributed  to  his  trauma  and  repeated  infec- 
tions. His  hospital  course  (8  days)  was  uneventful.  Now. 
8  months  after  lung  resection,  the  patient  is  doing  well  and 
has  no  complaint. 


Fig.  2.  A  magnification  (approximately  200X)  of  resected  lung  tis- 
sue showing  red  hepatization — sites  of  recent  invasion  undergoing 
active  inflammation  (hemorrhage),  usually  penpheral  areas  of  the 
lesion  and  gray  hepatization— sites  near  the  center  or  origin  of  the 
lesion  made  a  gray  color  by  consolidated  leukocytes  and  lung  tis- 
sue. The  arrow  points  to  the  red  blood  cells,  which  have  filled  up  all 
the  alveoli. 
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Lung  Hepatization 

Hepatization  means  a  transfomiution  of  a  lesion  into  a  liver- 
iil<e  mass.  In  the  lung,  a  pail  of  the  parenchyma  may  he  solid- 
ified as  a  liver-like  mass  dunng  a  process  of  pneumonitis,  '"■" 
The  pneumonitis  eventually  subsides  but  the  lung  injury  is 
not  rexersible.  The  transformed  (hepatisi/ed)  lung  tissue  can- 
not participate  in  gas  exchange. "■'- 

Persistent  hepatization  of  lung  tissue  is  rare,  h  may  occur 
following  pneumonia.''  '"*  lung  transplantation.'''  migration  of 
asciuis  lai"vae,"'  poisoning,'^  and  trauma."^  Symptoms  and  signs 
are  variable.  Paroxysmal  or  persistent  cough,  hemoptysis,  recur- 
rent pneumonia,  hypoxemia,  and  chest  pain  ha\e  been  re- 
ported.'""** The  definitive  diagnosis  is  made  by  lung  biopsy. 

In  summary,  persistent  hepatization  of  a  lobe  of  the  lung 
should  be  sus]-»ected  in  any  patient  with  a  history  of  trauma 
to  the  diaphragm  and  in  patients  with  a  persistent,  chronic, 
and  paroxysmal  cough. 
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The  bronchtK'onstrictor  action  of  his- 
tamine has  been  well  recognized  since 
the  basic  researches  of  Dale  and  Laid- 
law  in  1910.'  The  release  of  histamine 
from  tissue  cells  as  part  of  the  antigen- 
antibody  reaction  had  been  established 
by  1927.-  and  the  accompanying  bron- 
chospasm  demonstrated  to  be  histamine- 
induced.  Provocation  of  an  asthmatic 
episode  by  administration  of  histamine 
was  specifically  described  in  1932.' 
When  antihistamines  (H- 1 -antagonists) 
were  developed  by  Bovet  and  associates 
ill  the  1940s,"'  experimental  evidence 
pointed  toward  the  \alue  of  these  com- 
pounds in  tlie  Ueatment  of  bronchospastic 
states,  and  clinicians  embarked  confi- 
dently on  their  use  in  asthmatic  patients. 

The  results  were  disappointing.  Al- 
though the  response  to  antihistamines 
in  allergic  rhinitis  was  strikingly  ben- 
eficial, smooth  muscle  spasm  in  the 
lower  airways  was  not  often  relieved, 
even  when  the  drugs  were  given  for 
extended  periods."'''  Increasing  the 
dosage  only  served  to  accentuate  unde- 
sirable sedative  and  antimuscarinic  side 
effects.  By  1990  it  was  generally  agreed 
that  for  relief  of  asthma  attacks  anti- 
histamines were  "singularly  ineffec- 
tual."' It  was  recognized  that  other  bron- 
choactivc  substances  were  released  in 
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imtigen-antibody  reactions,  and  the  fcxjus 
on  mast  cell  degranulation  confirmed 
that  histamine  was  but  one  contributor 
to  the  bronchospastic  epi.scxJe.  Histiuiiine 
was  primarily  identified  with  the  early 
asthmatic  response,  while  lipoidal  sub- 
stances (leukotrienes,  prostaglandins, 
platelet  activating  factor)  and  polypep- 
tides (cytokines  and  others)  showed 
more  sustained  activity  and  accounted 
for  late  asthmatic  responses.  Researches 
are  now  conducted  on  a  broad  spectiaim 
of  bronchoactive  compounds  associated 
with  allergy  and  inflammation. 

However,  histamine  h;is  been  the  sub- 
ject of  continuing  iincstigation  tlirough- 
out  the  latter  half  of  this  century.  Three 
distinct  classes  of  histamine  receptors 
have  been  described.  The  first  to  be  dis- 
covered, designated  H- 1  ,**  are  blocked 


by  the  compounds  often  called  anti- 
histamines. (Some  proprietary  products 
containing  H- 1  and  H-2  receptor  antag- 
onists are  shown  in  Table  1.)  The  sec- 
ond group  of  receptors  (H-2)  are  asso- 
ciated with  the  gastric  secretogogue 
activity  of  histamine;''  H-2-blocking 
agents  are  utilized  for  treatment  of  hyper- 
secretoi7  states  such  as  peptic  ulcer  dis- 
ease. A  wide  structural  difference  and 
little  overlap  between  their  pharmaco- 
logic propeilies  exists  between  H-1-  and 
H-2-blockers.  With  respect  to  asthma 
therapy,  there  is  nothing  further  to  report 
concerning  H-2-antagonists.  .A  third 
receptor  type  (H-.^)  has  been  found  in 
brain  tissues.'"  Stimulation  of  H-3-recep- 
tors,  which  are  presynaptic,  initiates  a 
negati\e  feedback  mechanism  that 
inhibits  histamine  synthesis.  There  is 


Table  I        Compounds  \s  ith  H- 1  -  and  H-2-Receptor  Antagonist  Propenies 
and  Proprietary  Products  in  which  They  Are  Found 


Compound 


Proprietary  Products 


H- 1  -Receplor  Anlagonists 

First  generation 
diphenhydramine 
tripelcnnamine 
chlorpheniramine 

proiiiL'lha/ine 
h\dro\y/me 

Second  generation 
terfenadine 
astemi/ole 
loratadine 

H-2-Receptor  .'\ntagonists 

cimetidine 

ranitidine 

famotidine 


Benadryl 
PBZ 

many  over-the-counter  cold' 
and  allergy  preparations 
Phenergan 
Atarax.  Vistaril 

Seldane 

Hismanal 

Claritin 


Tagamet 

Zantac 

Pepcid 


2i; 
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considerable  interest  in  the  de\elopment 
of  H-3-acli\e  compounds,  but  as  \et 
none  of  clinical  \alue  has  appeared. 

Tliere  ma\  be  reason  to  continue  the 
study  of  H-1 -blocking  drugs  for  pos- 
.sible  therapeutic  applications  in  asth- 
matic patients.  This  subject  has  been 
addressed  in  a  recent  re\  iew  b\  Bardin 
and  Holgate."  The  studies  they  report 
were  nearly  all  conducted  outside  the 
USA.  Several  issues  were  raised  that 
may  yet  indicate  that  H- 1  -antagonists 
of  more  recent  design  may  offer  future 
clinical  promise. 

In  early  clinical  studies,  a  minor  per- 
centage of  asthmatic  patients  reported 
beneficial  effects  from  the  antihista- 
mines tlien  available.  Diphenhydramine, 
tripelennamine.  promethazine,  and 
chlorpheniramine,  each  a  representati\  e 
of  a  different  chemical  class  of  H-1- 
antagonists.  all  appeared  to  reduce  asth- 
matic symptoms  in  up  to  ZS'^f  of 
patients.-^  Although  these  were  mostly 
uncontrolled  studies  with  little  objec- 
tive data,  these  first-generation  anti- 
histamines were  apparently  not  "sin- 
gularh  ineffectual."  e\  en  allowing  for 
placebo  effects  and  possibly  some  ob- 
servational biases.  It  is  common  knowl- 
edge among  allergists  that  an  occasional 
patient  taking  an  antihistamine  for  aller- 
gic rhinitis  will  notice  a  reduction  in 
chest  tightness  and  wheezing.  The  ben- 
eficial effects  were,  however,  dose- 
related,  and  the  antimuscarinic  mucosal 
drying  effects  could  be  detrimental. 
More  objectionable  were  unwanted  gas- 
trointestinal symptoms  and  sedative- 
hypnotic  effects  that  interfered  with 
daily  activities. 

The  development  of  relatively  non- 
sedating H-1 -receptor  antagonists  in  the 
1970s  pro\ided  a  somewhat  greater  lat- 
itude in  dosage  compared  to  the  older 
compounds.  The  more  recent  deri\a- 
ti\es  are  chemicalK  ;ikin  to  tlie  first-gen- 
eration antihistamines,  but  are  char- 
acterized by  a  lack  of  central  nervous 
system  penetration.  Brain  tissue  con- 
centrations are  much  reduced,  but  lung 
level  values  are  undiminished.  I  briefiy 
discuss  five  of  these  compounds;  ter- 
fenadine.  astemizole.  cetirizine.  aze- 


lastine.  and  mequitazine — although  only 
the  first  t\«)  are  approved  for  use  in  the 
USA.  These  are  not  new  drugs:  all  were 
in  clinical  use  before  1990.'-  Each  has 
distincti\e  properties  that  offer  poten- 
tial benefits  in  the  treatment  of  his- 
tamine-induced  hronchospasm. 

In  atopic  asthmatic  subjects.  Holgate 
and  colleagues'-''-''  reported  that  oral 
doses  of  terfenadine  ( 1 80  mg ).  astem- 
izole ( 10  mg).  and  a/elastine  (8.8  mg) 
provided  .vS-fold.  17-fold,  and  50-fold 
protection.  respecti\el\.  against  his- 
tamine-induced  bronchoconstriction. 
The\  estimated  that  about  30%  of  the 
early  asthmatic  response  is  contributed 
by  histamine,  the  remainder  from  other 
mediators.  Teifenadine  has  been  show  n 
to  attenuate  the  bronchoconstrictor 
response  to  exercise."'  Protection  against 
late-phase  responses  is  more  contro- 
versial, although  the  Holgate  group 
found  that  azelastine  (8.8  mg)  com- 
pletely inhibited  the  late-phase  reaction 
to  inhaled  allergen.'' 

Cetinzine  is  the  major  metabolite  of 
liNdroxyzine  ,'*  an  antihistamine  that  was 
once  w  idely  used  as  an  anxiolytic  and 
minor  tranquilizer.  It  is  of  interest  be- 
cause it  not  only  blocks  H-  l-receptors,'** 
but  also  prevents  release  of  prostaglandin 
D:  and  platelet-activating  factor,  which 
contribute  to  bronchial  inflammation.-" 
Similarly,  mequitazine.  a  phenothiazine 
related  to  promethiizine.  has  been  show  n 
to  inhibit  the  action  of  calmodulin  and 
to  interfere  with  mobilization  of  mem- 
brane phospholipids  through  inhibition 
of  phospholipase  Ai.-'  The  latter  is  a 
characteristic  anti-inflammatory  action 
of  coilicosteroids.  Thus,  the  effects  of 
some  H-1 -antagonist  drugs  extend  be- 
yond histamine-receptor  blockade  and 
may  occupy  binding  sites  that  prevent 
the  actions  of  other  bronchoactiv  e  trans- 
mitters and  modulators. 

.An  analogy  can  be  drawn  between 
the  multiple  blocking  actions  of  some 
antihistamines  and  the  properties  of  cro- 
molyn-like  compounds.  A  drug  still 
available  in  Europe  is  ketotifen.  which 
is  usually  classified  as  an  antihistamine.-- 
but  is  postulated  also  to  inhibit  media- 
tor release  from  mast  cells  and  to  occupy 


receptors  to  bronchoactixe  compounds 
other  than  histamine.  Ketotifen  has  been 
recommended  for  prophylaxis  of  asthma 
in  much  the  saii-ic  way  that  cromolyn 
and  nedocromil  are  employed.-' 

Although  H- 1 -receptor  antagonists 
ma\  have  demonstrable  effects  in  pre- 
\enting  asthma  episodes,  the  question 
remains  w  hether  this  is  worthwhile,  or 
w  hether  these  agents  are  of  value  for 
acute  treatment.  It  is  now  generally 
agreed  that  the  older  antihistamines 
given  oralK  to  asthmatic  patients  in  max- 
imally tolerated  doses  ov  er  periods  of 
several  weeks  ha\  e  failed  to  demonstrate 
significant  efficacy.'^  However,  single- 
dose  studies  w  ith  tert'enadine.  azela.stine. 
and  cetirizine  have  demonstrated  dose- 
related  bronchodilation  similar  to  that 
achieved  with  beta-agonist  drugs. -""--^ 
Two  recent  studies  have  shown  that  ter- 
fenadine has  bronchodilator  action  of 
possible  therapeutic  value.-''-"  Tlie  types 
of  pafients  most  likely  to  benefit  from 
antihistamines  are  ( 1 )  young  asthmat- 
ics: (2)  seasonal  pollen-induced  asthma 
patients:  and  (3)  severe  asthma  patients 
with  reduced  baseline  airwav  caliber  and 
presumed  high  basal  histamine  tone  in 
the  airways. 

In  1993  an  encyclopedic  work  on 
asthma  and  rhinitis — New  Medication 
for  Rhinitis  appeared,  whose  chapters 
were  written  by  authorities  from  the 
USA.  UK.  Scandinavia  and  several  other 
countries.-**  Whereas  contributors  to  the 
work  establish  the  role  of  H- 1  -antago- 
nists in  the  treatment  of  allergic  and  per- 
sistent seasonal  rhinitis  beyond  question, 
the  statements  on  H- 1  -antagonist  use  in 
astlima  are  less  enthusiastic.  Teifenadine 
is  recognized  as  occasionally  effective 
in  rescue  medication  of  asthma  episodes, 
although  its  failure  to  prov  ide  protection 
against  methacholine  challenge  is  also 
emphasized.-"  Other  recent  studies  are 
cited  that  are  indicative  that  antihis- 
tamines are  "only  of  trivial  use  in  chronic 
asthma."'"  However,  it  is  restated  by 
Simms"  that  patients  with  both  allergic 
rhinitis  and  asthma  are  likely  to  obtain 
relief  from  lower  airway  symptoms  w  hen 
the  newer  long-acting  H-1 -blocking 
agents  are  employed. 
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It  is  probable  that  purely  antihis- 
taniinic  diTigs  will  have  no  place  in  either 
the  prophylaxis  or  treatment  of  asthma. 
However,  the  versatility  of  these  mole- 
cules in  occupying  sites  of  other  medi- 
ator receptors  may  lead  to  discovery  of 
compounds  of  the  imtihistamine  tyj'je  that 
may  be  clinically  beneficial — and.  thus, 
the  "singularly  ineffectual"  label  may 
eventually  be  modified. 
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Introduction 

As  the  care  of  patients  in  the  critical  care  setting  becomes 
more  complex,  an  understanding  of  cardiovascular  patho- 
physiology and  the  methods  for  its  assessment  become  essen- 
tial components  of  pRividing  quality  respiratoiy  ane.  Tlie  com- 
plexity of  delivering  quality  patient  care  and  the  expansion 
of  the  responsibilities  of  respiratory  care  practitioners  (RCPs) 
in  the  critical  care  environment  underscore  the  importance 
of  a  solid  foundation  in  cardiovascular  physiology  and  tech- 
nology for  RCPs.  Cardiovascular  anatomy  and  physiology 
play  an  important  role  in  the  respiratory  care  of  critically  ill 
patients,  particularly  infants  with  congenital  heart  disease.  In 
infants  and  children  with  staictural  heail  disease,  the  anatomy 
and,  thus,  the  physiology  may  dictate  the  respiratory  man- 
agement. This  becomes  particularly  important  for  the  RCP 
because  children  with  repaired  and  those  with  unrepaired  con- 
genital heart  conditions  are  reaching  adulthood  in  ever  increas- 
inu  nimibers.  In  addition,  the  care  of  criticallv  ill  infants  with 
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primary  pulmonary  disease  may  be  inlliienced  by  myocar- 
dial dysfunction. 

The  cardiovascular  assessment  of  critically  ill  patients  can 
be  performed  at  the  bedside  using  both  noninvasive  and  inva- 
sive techniques.  One  of  the  more  poweiful  noninvasive  tech- 
niques is  echocardiography.  Using  this  technology,  one  can 
accurately  elucidate  the  presence  of  anatomic  and  physiologic 
abnormalities  in  cardiovascular  function  that  may  affect  the 
respiratory  care  of  the  patient.  The  tremendous  advances  in 
echocardiography  coupled  with  the  expanding  role  of  the  RCP 
in  the  intensive  care  unit  have  resulted  in  the  need  for  RCPs 
to  be  aware  of  how  echocardiography  is  used  both  to  diagnose 
viirious  pathophysiologic  conditions  and  to  develop  therapeutic 
options.  This  review  provides  a  basis  for  understanding  the 
technical  rudiments  of  echocardiography  and  its  advantages 
and  limitations  and  provides  a  foundation  upon  which  RCPs 
can  expand  their  knowledge  of  cardiovascular  assessment. 

Echocardiography:  Technology  &  Techniques 

Echocardiography  has  becoine  a  powerful  tool  for  diag- 
nosing and  managing  congenital  and  acquired  heart  disease. 
It  is  used  for  both  critically  ill  patients  in  the  intensive  care 
unit  and  ambulatory  patients.  In  essence,  there  are  three  pails 
to  every  echocardiographic  examination  whether  it  is  performed 
from  the  chest  wall  or  from  the  transesophageal  approach — 
structure,  or  anatomy;  dimensions;  and  physiology.  The  first 
echocardiographic  technique  is  two-dimensional  (2-D)  ii^iag- 
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ing.  which  provides  information  about  the  structure  and 
iuiatoniy  of  the  heart.  In  newborn  infants,  this  is  the  most  impor- 
tant examination  because  the  diagnosis  and  management  of 
these  patients  depend  on  an  accurate  anatomic  diagnosis  and 
not  necessarily  upon  the  physiology.  A  second  technique  used 
in  echocardiography  is  M-mode  (time-motion  mode),  which 
samples  along  a  single  ultrasound  beam  or  line  and,  thus,  allows 
highci'  resolution  for  measurements  of  chamber  dimensions. 
Physiologic  information  can  be  obtained  from  the  echocar- 
diogram bv  using  one  of  two  Doppler  techniques — the  pulsed- 
Doppler  examination,  which  allows  the  measurement  of  blood- 
tlow  velocities,  and  the  color-Doppler  examination,  which 
facilitates  the  detection  of  abnonnal  blood-flow  patteins  within 
the  heart  and  great  vessels. 

Cardiovascular  abnormalities  that  affect  the  respiratory 
management  of  the  patient  generally  fall  into  several  cate- 
gories. These  include  alterations  in  the  function  of  the  ven- 
tricles or  in  abnormalities  of  the  seinilunar  or  atrioventric- 
ular valves.  Valvular  abnormalities  more  specifically  relate 
to  stenoses  or  insufficiency  of  the  valves.  In  this  paper,  we 
outline  the  normal  echocardiographic  examination  includ- 
ing 2-D,  M-modc.  and  Doppler  echocardiography  and  review 
the  echocardiographic  techniques  used  to  detect  and  measure 
abnormalities  in  cardiovascular  function.  Finally,  we  discuss 
the  role  of  the  RCP  in  the  echocardiographic  examination  in 
the  intensive  care  setting. 

The  Normal  Kch()carclio;;raphic  Kxamination 

2-1)  Kchocardiosraphv 

The  2-D  echocaidiogiaphic  cxamiiialion  consists  i>f  obtain- 
ing images  through  several  transthoracic  echocardiographic 
windows.  The  echocardiographic  windows  are  areas  of  soti 
tissue  on  the  thorax  and  abdomen  that  permit  the  transmis- 
sion of  ultrasound  without  the  significant  attenuation  that  can 
occur  when  the  ultrasound  beam  travels  through  bone.  The 
p;uastenial  w  indow  is  located  in  the  second  or  third  intercostal 
space  to  the  left  of  the  sternum.  The  apical  window  is.  as  it 
sounds,  located  over  the  apex  of  the  heart,  at  the  point  of  max- 
imal impulse  of  the  heart;  ie,  at  the  point  where  the  cardiac 
impulse  can  be  felt.  One  of  the  most  useful  windows  in  pctli- 
atrics  is  the  subcostal  window,  which  is  on  the  abdomen  just 
interior  to  the  xiphoid  process.  In  this  view,  the  heart  is  imaged 
much  like  an  antero-posterior  or  lateral  chest  radiograph.  The 
final  transthoracic  view  is  through  the  suprasternal  notch  win- 
dow, one  can  image  the  aortic  arch  and  the  pulmonary  artery 
branches.  The  transesophageal  window,  with  intracsophageal 
access,  provides  an  unobstructed  window  from  Ix'hind  the  heart 
and  is  an  important  advance  in  imaging  those  patients  in  w  hom 
transthoracic  echocardiograms  cannot  he  performed.  Ihis 
approach  is  particularly  useful  in  adult  patients. 

In  each  of  these  windows,  one  can  obtain  a  Ihivc-dimen- 
sional  \  iew  b\  sweeping  the  transducer  either  from  led  to  righl 


or  from  an  inferior  to  a  superior  position.  The  three-dimen- 
sional image,  then,  is  really  in  the  mind"s  eye,  as  one  sweeps 
through  a  series  of  2-D  images.  Tlie  third  dimension  is  obtained 
by  reconstructing  this  series  of  2-D  images.  In  this  way.  one 
can  image  the  relationship  of  various  structures  to  one  another 
such  as  the  location  of  a  \eniriciilar  septal  delect  or  of  the 
great  vessels. 

In  the  parasternal  view,  if  one  aligns  the  transducer  plane 
w  ith  the  long-axis  of  the  heart,  then  one  can  image  the  left- 
ventricular  inflow  and  outflow  at  the  same  time  (Fig.  1 ).  In 
this  view,  one  can  see  the  left  atrium,  mitral  valve,  left  ven- 
tricle, the  left-ventricular  outflow  tract  to  the  ae)rta,  and  the  aor- 
tic valve.  By  sweeping  the  triuisducer  to  the  right,  one  ciui  image 
the  tricuspid  valve  and  the  right-ventricuhir  inflow  tract.  If  the 
transducer  is  angled  to  the  left  from  the  left-ventricular  view, 
one  can  image  the  pulmonary  artery  and  the  right-ventricu- 
lar outflow  tract.  The  parasternal  long-axis  view  is  useful  in 
imaging  ventricular  septal  defects  and  the  great  vessels  and 
their  spatial  relationship  to  one  another.  An  orthogonal  view- 
to  the  long  axis  is  the  short-axis  parasternal  view .  w  hicli  is 
obtained  by  rotating  the  transducer  W  in  a  clockw  ise  direc- 
tion. If  the  transducer  is  angled  inferiorly.  a  cross-section  of 
both  the  right  and  left  ventricle  is  imaged  (Fig.  2).  This  view 
provides  an  excellent  image  of  the  left  ventricle  for  assessing 
left-ventricular  function  and  wall-motion  abnormalities. 


Fig.  I.  Parasternal  long-axis  view  of  tfie  heart.  In  tfiis  view  the  left- 
ventricular  inflow  and  outflow  tracts  are  displayed.  The  left  atrium 
(LA)  can  be  seen  posteriorly.  The  mitral  valve  is  located  between 
the  left  atrium  and  left  ventricle.  The  left  ventricle  (LV)  and  the 
aorta  (Ao)  are  seen  in  the  middle  portion  of  the  picture  and  most 
anteriorly  one  can  see  the  right  ventricle  (RV). 


W  hen  the  transtiucer  is  swept  supcriorK  toward  the  base 
of  the  heart,  the  aortic  \  alve  can  be  imaged  in  cross-section 
in  the  middle  of  the  screen  (Fig.  ?<).  In  this  view,  the  right- 
\entricular  inflow  with  the  tricuspid  \al\e  and  the  oultlow 
portions  w ith  the  |xilmon;u-\  \ ahe  can  Ix'  seen  w rapping  around 
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the  aorta,  the  left  and  right  atria  appear  to  be  posterior.  The 
short-axis  view  at  the  le\el  of  the  aortic  \ai\e  is  particular!) 
good  for  imaging  abnormaUties  of  the  aortic  and  pulmonale 
valves  as  well  as  the  right-\entriciiiar  oiittlow  tract.  This  is 
also  an  excellent  window  for  imaging  \  entnculai'  septal  defects 
that  are  located  in  the  outlet  septum  beneath  the  aortic  and 
pulmonary  \  ah  e. 


Fig.  2.  Short-axis  view  of  the  left  ventricle  (LV)  at  the  level  of  the 
papillary  muscles.  The  right  ventricle  (RV)  can  be  seen  anterior 
and  to  the  right  of  the  left  ventricle. 


the  Ieft-\ entriciilar outflow  tract  and  aorta  into  \ iew .  Tliis  \iew 
is  best  for  imaging  the  mitral  and  tricuspid  \  alves  and  any 
abnormalities  that  may  be  present.  Aortic  insufficiency  is  also 
often  best  imaged  using  color-Doppler  from  the  apical  5-cham- 
ber  \  iew .  w  hich  now  includes  the  4  chambers  of  the  heiut  and 
the  left-\entricular  outflow  tract. 


Fig.  4.  Apical  4-chamber  view/  of  the  heart.  This  is  at  the  inflow 
level  of  the  heart,  and  the  tricuspid  and  mitral  valves  are  seen  in 
the  closed  position.  LA  =  left  atrium,  LV  =  left  ventricle,  RA  =  right 
atrium,  RV=  right  ventricle. 


Fig.  3.  Parasternal  short-axis  view  at  the  level  of  the  outflow  tract. 
The  right-ventricular  (RV)  inflow  and  outflow  tracts  can  be  seen 
sweeping  around  the  aorta  (Ao).  Note  that  the  pulmonary  artery 
(PA)  is  wrapped  around  the  aorta,  which  is  seen  in  cross-section. 
RA  =  right  atrium,  LA  =  left  atrium. 


The  apical  4-chamber  view  provides  the  most  recogniz- 
able view  of  the  heart  because  the  4  chambers  of  the  heart  can 
be  seen  in  the  same  plane  (Fig.  4).  By  sweeping  posteriorly, 
the  coronary  sinus  can  be  imaged,  .^n  anterior  sweep  brings 


The  subcostal  view  provides  the  most  infomiation  in  com- 
plex congenital  heart  defects  as  one  sweeps  through  all  3  por- 
tions of  the  heart  (ie.  the  inflow  portion,  which  is  most  pos- 
terior and  inferior:  the  left-ventricular  outflow  portion  of  the 
heart,  which  is  in  the  mid-portion  of  the  heart:  and  the  right- 
ventricular  outflow  tract,  which  is  the  most  anterior  portion 
of  the  heart).  The  subcostal  sagittal  view  is  similarly  useful, 
except  that  one  sweeps  from  left  to  right,  imaging  the  heart 
as  in  a  lateral  chest  film.  In  this  manner,  the  heart  is  imaged 
from  multiple  views  and  the  detailed  anatomy  of  the  heart  can 
be  delineated.  Finally,  the  suprastenial-notch  view  is  an  excel- 
lent w  ay  to  image  the  aortic  arch  and  associated  anomalies, 
such  as  coarctation  of  the  aorta.  This  view  is  also  particularly 
helpful  in  imaging  the  pulmonary  artery  branches  and.  in  the 
coronal  view,  the  pulmonale  veins. 

M-Mode  Echocardiography 

Whereas  2-D  echocardiography  uses  multiple  scan  lines 
(dimensions)  to  display  a  2-dimensional  image  of  the  heart. 
M-mode  echocardiography  uses  a  single  scan  line.  This  was 
the  initial  method  available  for  echocardiography,  and  a  great 
body  of  literature  describes  its  usefulness  as  a  diagnostic  tech- 
nique. With  the  advent  of  2-D  imaging,  the  persisting  util- 
ity of  M-mode  echocardiography  is  in  its  resolution.  When 
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multiple  scan  lines  aie  used,  as  in  2-D  echocardiography,  lime 
must  be  shared  among  the  different  scan  lines  to  obtain  the 
image,  decreasing  the  resolution  of  the  image.  Because  of  its 
excellent  resolution.  M-mode  echociudiography  is  used,  pri- 
marily, to  accurately  measure  chamber  diinensions. 

Doppler  Echocardiography 

The  Doppler  technique  emerges  from  the  basic  principle 
that  as  an  object  moves  towards  or  away  from  a  stationary 
object  the  frequency  of  the  sound  from  that  object  changes 
in  direct  proportion  to  its  velocity.  In  this  manner.  Doppler 
echocardiography  can  measure  the  velocity  and  direction  of 
blood  flow  within  the  heart.  The  velocity  is  calculated  using 
the  Doppler  equation. 

cfd 


V: 


2r„  cose 


1] 


where  c  =  the  velocity  of  sound  in  human  tissue,  fj  = 
the  observed  Doppler  frequency  shift,  f,,  =  the  trans- 
mitted ultfasound  frequency,  and  0=  the  intercept  angle 
between  the  ultrasound  beam  and  the  blood  flow. 


There  are  two  types  of  Doppler  echocardiography  that 
allow  the  accurate  measurement  of  blood-tlow  velocity.  Pulsed 
Doppler  samples  the  blood-flow  velocity  within  a  particu- 
liir  range  gate  (ie.  within  a  specific  region  of  the  heart  in  what 
is  essentially  a  tear-drop  shape — Fig.  5).  Although  this  allows 
the  accurate  measurement  of  blood-flow  velocity  in  a  well 
circiuiiscribed  region  of  the  heart,  it  does  not  alkiw  the  mea- 
surement of  high-velocity  blood  flow.  To  measure  high-veloc- 
ity blood  flow,  continuous-wave  Doppler  is  used.  In  theory, 
this  technique  can  measure  an  infinite  velocity  (Fig.  6).  Its 


Fig.  5.  Example  of  a  pulsed-Doppler  examination  in  the  pulmonary- 
outflow  tract.  The  sample  volume  (arrow)  Is  indicated  by  the  two 
horizontal  lines  located  along  the  cursor.  The  Doppler  spectral 
tracing  at  the  bottom  of  the  image  shows  laminar  flow  at  approxi- 
mately 1  m/s. 


limitation  lies  in  the  fact  that  there  is  no  range  resolution, 
and  the  velocities  are  sampled  along  a  continuous  line — ie, 
the  velocity  measured  may  be  taken  from  any  point  on  the 
line  that  is  displayed  on  the  screen.  This  may  result  in  some 
ambiguity  as  to  where  the  maximal  velocity  shift  is  occur- 
ring: therefore,  it  is  not  helpful  when  the  precise  location  of 
a  pressure  drt)p,  or  gradient,  needs  to  be  known,  such  as  in 
a  patient  with  serial  obstructions — eg.  valvular  aortic  steno- 
sis and  subvalvular  aortic  stenosis. 


Fig.  6.  Example  of  a  continuous-wave  Doppler  tracing  of  turbulent 
blood  flow  in  the  ascending  aorta  in  a  patient  with  aortic  stenosis. 
Note  that  in  contrast  to  the  pulsed-Doppler  examination,  which  has 
laminar  flow  (Fig.  5),  the  Doppler  signal  is  entirely  filled  in,  indicat- 
ing turbulent  flow.  The  velocity  in  this  tracing  is  3  m/s  indicating 
mild-to-moderate  aortic  stenosis.  In  this  example,  the  flow  is  toward 
the  transducer  and  is.  therefore,  displayed  above  the  baseline. 


A  inodification  of  the  pulsed  Doppler  technique  assigns 
color  to  the  blood  How  in  multiple  sample  volumes  within 
a  box.  The  color  is  assigned  based  upim  the  direction  ;uid  vekx;- 
ity  of  blood  flow.  By  convention,  flow  towards  the  transducer 
is  assigned  the  color  red  and  flow  aw  a\  from  the  transducer 
is  assigned  the  color  blue.  When  there  is  turbulent  or  high- 
velocity  flow,  a  mosaic  of  colors  is  often  seen  (Fig.  7).  Although 
cok)r  Doppler  does  not  allow  the  quantiflcation  of  blood  flow 
velocity,  it  does  provide  qualitative  information  on  locations 
of  abnormal  or  disturbed  flow.  For  instance,  a  patent  ductus 
arteriosus  can  be  readils  detected  using  color-Doppler  flow- 
mapping  from  the  parasternal  short-axis  \iew  tVom  which  tur- 
bulent flow  can  be  seen  from  the  aorta  into  the  pulmonary 
arteiA.  Tlie  ductus  jet  can  usually  be  seen  along  the  lateral  wall 
of  the  pulmonaiy  artery. 

Assessing  Ventricular  Function 

Whatever  the  etiology,  abnormalities  in  ventricular  func- 
tion, both  systolic  and  diastolic,  can  occur  in  patients  with  car- 
(.liorcspiratory  disease  and  complicate  the  patient's  course. 
Evaluation  of  ventricular  function  in  the  intensive  care  set- 
ting can  be  very  ditflcult  as  most  indices  of  systolic  function 
depend  on  prckiad.  afterload.  and  contractility.  Therefore,  all 
measurements  of  ventricular  function  must  be  evaluated  with 
these  limitations  in  mind.  The  primary  noninvasive  method 
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%SF  = 


LVEDD-LVESD 


X  100. 


Fig.  7.  Parasternal  long-axis  view  of  the  left-ventricular  outflow 
tract  in  a  patient  witfi  aortic  stenosis.  Tfie  pure  blue,  laminar  flow 
is  seen  at  the  level  of  the  left-ventricular  outflow  tract.  The  turbu- 
lent flow  displayed  in  this  view  as  a  mosaic  of  colors  begins  at  the 
level  of  the  aortic  valve.  LA  =  left  atrium.  LV=  left  ventricle.  RV= 
right  ventncle. 


for  evaluating  ventriculai'  function  in  tiie  intensive  care  set- 
ting is  2-D  echocardiograpiiy.  The  greatest  advantage  of  this 
technique  is  that  it  can  be  peiformed  at  the  bedside,  eliminating 
the  need  to  transport  critically  ill  patients  to  other  areas  of  the 
hospital.  The  obvious  advantage  is  that  the  risk  for  accidental 
extubation  and  subsequent  atelectasis  and  loss  of  functional 
residual  capacity  is  reduced. 

Assessing  Systolic  Function 

The  evaluation  of  systolic  function  is  directed  at  deter- 
mining the  adequacy  of  ventricular  contraction.  All  meth- 
ods for  evaluating  systolic  function  are  dependent  on  both 
preload  and  afterload  and.  therefore,  may  not  truly  reflect  the 
heart's  contraction  characteristics.  The  two  methods  used  to 
evaluate  systolic  function  are  M-mode  and  2-D  echocar- 
diography. M-mode  is  used  to  measure  the  shortening  frac- 
tion. Two-dimensional  echocardiography  may  provide  an  indi- 
cation as  to  whether  regional  wall-motion  abnormalities  are 
apparent  from  the  parasternal  short-axis  window  or  the  api- 
cal 4-chamber  view.  This  may  help  detemiine  the  mechanism 
and  location  of  the  myocardial  insult.  In  addition.  2-D  echociu- 
diographic  measurements  allow  the  calculation  of  ejection 
fraction.  Doppler  echocardiography  can  be  used  to  measure 
the  velocity  of  fiber  shortening. 

M-Mode  Echocardiograpiiy 

M-mode  echocardiography  pro\  ides  a  single  scan  line  of 
information  at  a  inuch  higher  frame  rate  than  can  be  obtained 
by  2-D  echocardiography.  This  allows  the  accurate  mea- 
surement of  ventricular  dimensions  and,  thus,  the  percent  ven- 
tricular shortenins:  fraction  ('/rSF). 


LVEDD 
where  LVEDD  =  left-ventricular  end-diastolic  diam- 


[2] 


etertcnDandLVESD^ 
diameter  (cm). 


:  left-venlricular  end-svstolic 


The  normal  range  for  9cSF  is  28-42'7r .  However,  because 
M-mode  echocardiography  provides  only  a  single  line  of  infor- 
mation, it  is  not  reliable  when  wall-motion  abnormalities  are 
present  or  in  the  assessment  of  ventticles  with  abnonnal  shapes. 
One  example  of  this  limitation  is  in  patients  with  regional  abnor- 
malities of  venliicular  function,  which  may  occur  after  mycK-ar- 
dial  infarction.  In  this  condition,  portions  of  the  myocardium 
that  suffer  an  infiuction  may  have  dramatically  altered  motion, 
whereas  other  components  of  the  xentiicle  may  function  more 
normally.  As  a  result,  if  the  M-inode  beam  cuts  through  the 
portion  of  the  ventricle  that  is  normally  functioning,  an  eiTO- 
neous  value  for  shortening  fraction  results.  These  limitations 
of  M-mode  have  stimulated  research  into  several  other  echocar- 
diographic  methods  of  evaluating  ventiicular  function.  Again, 
the  shortening  fraction  depends  on  preload,  afterload.  and  con- 
tractility, so  that  a  decrease  in  shortening  fraction  may  not  nec- 
essarily represent  a  decrease  in  stroke  power. 

2-D  Ecliocardiography 

In  most  instances,  the  left  ventricle  can  be  adequately 
imaged  so  that  the  volumes  in  the  ventricle  at  end-systole  and 
end-diastole  can  be  measured.  This  allows  calculation  of  an 
ejection  fraction  (EF). 


EF: 


LVEDV  -  LVESV 
LVEDV 


[3] 


where  LVEDV  =  left-venuiculareiid-diastolic  volume. 
and  LVESV  =  left-ventricular  end-systolic  \olume. 


Although  many  methods  are  available  for  the  calculation  of 
volumes  and  ejection  fraction,  the  modified  Simpson's  rule  is 
the  method  most  widely  used  and  accepted.  This  method  cal- 
culates the  volume  of  the  ventricle  by  dividing  it  into  20  equal 
cylinders  and  summing  their  volume.  This  complex  process  is 
now  peifomied  automatically  by  many  echociudiographic  com- 
puter programs  after  the  endocardial  borders  of  the  ventricle 
in  systole  and  diastole  have  been  traced  from  the  apical  4-cham- 
ber view.  Results  obtained  in  this  manner  closely  conelate  with 
tlie  EF  derived  by  cardiac  catheterization.  The  nomial  EF  is  65- 
75%.  The  EF  is  also  an  ejection  phase  index  that  depends  on 
preload  and  afterload.  so  that  a  decrease  in  the  EF  may  not  nec- 
essarily indicate  a  decrease  in  the  strength  of  contraction. 

Doppler  Echocardiography 

Another  frequcntl\  utilized  index  of  ventricular  function 
is  the  velocitv  of  circumferential-fiber  shortening  (VC!  ). 
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This  is  calculated  by  taking  the  shi)ilciiiiig  Iraction  (Equa- 
tion 2)  and  dividing  it  by  the  left  ventricular  ejection  time. 
The  Icl'l  ventricular  ejection  time  is  measured  from  the 
r3oppler  spectral  tracing  of  the  left-ventricular  outflow,  at 
the  level  of  the  aortic  annulus.  In  this  way.  the  afterload  of 
the  ventricle  is  taken  into  account.  In  addition,  the  VCF  can 
be  corrected  ( VCFc)  tor  the  heart  rate  if  the  left-ventricu- 
lar ejection  time  is  di\  ided  by  the  square  root  of  the  dura- 
tion of  R-R  interval. 


VCF, 


(LVEDD  -  LVESD)/I.VEDD 


LV  ejection  timc/VR  -  R 
where  LVEDD  =  Icfl-ventricular  eiici-diaslollc  diam- 
eter (cm),  LVESD  =  lefl-\  entrieuku-  end-systolic  diam- 
eter (cm),  and  R  -  R  =  the  time  (s)  of  a  complete  car- 
diac c\cle. 


The  normal  value  for  the  VCF,.  is  0.97  ±  0.07.'  Although 
this  measurement  is  not  a  completely  load-independent  mea- 
sure of  ventricular  function,  it  is  easily  performed  at  the  bed- 
side and  is.  therefore,  useful  in  the  assessment  of  \entricu- 
lar  function. 

Assessing  Diastolic  Function 

Abnonnalities  in  diastolic  function  have  recently  become 
recognized  as  an  eiuiy  indication  of  decreased  ventriciikir  func- 
tion  because  they  may  be  evident  or  manifest  themselves 
before  abnormalities  in  systolic  function  can  be  seen.  As  delin- 
eated in  a  previous  paper.-  diastole  is  an  energy-requiring  pro- 
cess. Calcium  ions  must  be  pumped  against  a  gradient  into 
the  sarcoplasmic  reticulum.  In  addition,  myosin  cross-bridge 
detachment  requires  the  hydrolysis  of  an  adenosine  triphos- 
phate molecule.  Therefore,  the  assessment  of  diastolic  dys- 
function may  be  a  more  sensitive  indicator  of  myocardial  dys- 
function, and  diastolic  assessment  has  become  an  important 
method  of  evaluating  ventricular  function.  Diastolic  abnor- 
malities of  the  left  ventricle  have  been  correlated  with  the 
mitral-valve-Doppler  inflow  velocities.'  Although  the  mitral- 
\alve-Doppler  inflow  patterns  reflect  the  pressure  difference, 
or  gradient,  across  the  mitral  valve  during  diastole  and  are 
not  speciflc  for  a  given  disease  state,  they  have  correlated 
well  with  cathetcri/ation-derived  measurements  of  ventricular 
lunction  duriiii;  diastole. 


identifying  the  level  of  the  obstruction  but  also  determin- 
ing its  severity.  Two-dimensional  echocardiography  is  the 
best  method  of  identifying  the  level  of  the  obstruction 
because  the  anatomy  can  be  directly  visualized.  Color 
Doppler  may  aid  in  identifying  the  level  of  the  obstruction 
by  showing  points  of  turbulence  (Fig.  7).  Using  echocar- 
diography, one  is  able  not  only  to  identify  the  level  of  the 
obstruction  but  also  the  nature  of  the  obstruction — eg,  in 
subvalvular  obstruction,  a  determination  can  be  made  as  to 
whether  a  fixed  or  dynamic  obstruction  is  present.  Dif- 
ferentiating between  a  fixed  and  dynamic  obstruction  may 
have  important  implications  for  the  hemodynamic  and  res- 
piratory management  of  the  patient. 

The  severity  of  the  obstruction  can  only  be  ascertained  by 
measuring  the  magnitude  of  the  obstruction  (ie.  the  pressure 
gradient  across  the  obstruction)  using  Doppler  echocardio- 
graphy. The  simplifled  Bernoulli  equation  provides  a  rapid 
and  accurate  assessment  of  the  severity  of  the  obstruction. 

Pi-P-,  =  4V-  [5] 

where  P|  and  P:  =  pressures  on  either  side  of  the 
obstruction,  and  V  =  blood-tlow  velocity  across  it. 

However,  in  the  criticallv  ill  patient  w  iih  low  cardiac  output, 
the  gradient  (P|  -  P:)  may  not  truly  reflect  the  severity  of  the 
stenosis  because  it  depends  on  the  flow  across  the  valve.  For 
example,  in  patients  with  a  very  low  cardiac  output  after 
myocardial  infarction,  there  may  not  be  a  large  gradient,  despite 
the  presence  of  severe  or  even  critical  obstruction.  In  such  cir- 
cumstances, other  measurements  such  as  the  mean  gradient 
or  valve  area  should  be  calculated.  The  mean  gradient  is 
obtained  by  tracing  the  outer  envelope  of  the  Doppler  spec- 
tral tracing  on-line  or  on  an  off-line  analysis  system  and  aver- 
aging all  the  instantaneous  gradients  throughout  systole.  The 
valve  area  can  be  calculated  using  the  continuity  equation. 


A|.V|=A:V2. 

w  here  A  =  cross-sectional  area  of  the  lumen  proximal 
to  the  valve  (A|)  and  of  the  stenotic  orifice  (A2).  V|  = 
mean  velocity  proximal  10  the  valve,  and  Vi  =  mean 
velocity  of  the  grealesi  ot  all  the  spectral  signals  across 
the  stenosis. 


[6] 


Assessing  Valvular  Obstruction 

Obstruction  to  right  or  left  ventricular  outflow  or  inflow 
may  result  in  substantial  hemodynamic  and  respiratory  alter- 
ations in  patients  who  require  intensive  care.  For  example, 
marked  obstruction  of  left-ventricular  inflow  or  outflow  may 
result  in  passive  congestion  of  the  lungs  and.  thus,  alter  res- 
piratory mechanics.  Therefore,  the  echociudiographic  assess- 
ment of  patients  with  valvular  obstruction  involves  not  only 


In  aortic-valve  sienosis.  the  cross-sectional  area  from  inner 
edge  to  inner  edge  (the  flow  area)  proximal  to  the  stenosis  can 
be  measured  from  the  long-axis  view  at  the  level  of  the  valve 
leaflets  during  eariy  systole.  This  calculation  assumes  the  iirea 
to  be  circular  and  is  cilcidatcd  usinu 


A  = 


TTd- 


[7] 


where  A  =  area,  and  d  =  diameter. 


220 


Respira1()RvCare«Makch  '96  Vol  41  No  3 


Cardiorespiratory  Interactions 


The  \  elocity  proximal  to  the  stenosis  ( V  | )  can  be  measured 
Irom  the  apical  w indow  using  pulsed  Doppler  in  the  left-\eii- 
tricularoutllow  tract,  aiul  the  maximal  \ elocity  (V^)  can  be 
measured  with  continuous-wave  Doppler.  With  the.se  mea- 
surements, the  \al\e  area  (A:)  can  be  calculated.  The  assess- 
ment ol  \  al\  e  area  is  an  essential  component  of  the  cardio- 
vascular evaluation  and  can  help  determine  whether  surgi- 
cal intervention  is  required.  The  limitations  ot  the  technique 
rest  on  the  assum|ition  that  the  left  ventricular  outflow  tract 
is  circLiku-  and  that  the  proximal  and  maxiinal  velocity  are  accu- 
rately measured  because  these  numbers  are  squared  in  the 
Bernoulli  equation,  compounding  the  erroi-  posed  by  the  inac- 
curate measurement. 

Assessing  Atrioventricular- Valve  Insufficiency 

Atrioventricular-valve  insufficiency  often  complicates  the 
recovery  from  critical  illness  of  adult  and  pediatric  patients, 
insufficiency  of  the  mitral  valve  can  cause  volume  overload 
ol  the  left  \  entricle  and  passive  congestion  in  the  pulmonary 
capillary  bed.  resulting  in  a  prolonged  ventilatory  course  or 
in  a  failure  to  v\ean  from  the  ventilator.  In  contrast,  insuffi- 
ciency of  the  tricuspid  valve  results  in  hepatic  congestion  and 
decreased  cardiac  output.  Determining  the  severity  of  atrio- 
ventriculai--valve  insufficiency  can  be  difficult,  and  infomiation 
derived  from  the  diagnostic  studies  must  be  correlated  with 
the  patient's  clinical  course. 

Two-dimensional  and  color-Doppler  echocardiography 
can  provide  impoiiant  information  on  the  location  of  the  insuf- 
ficiency. The  anatomic  location  and  nature  of  the  insufTi- 
ciency  helps  not  only  to  deteiTnine  the  need  for  surgical  repair 
but  also  to  determine  the  type  of  repair  that  can  be  per- 
formed— valvuloplasty  versus  valve  replacement.  Although 
it  is  tempting  to  use  the  area  of  the  color-Doppler  flow  jet. 
it  does  not  reflect  the  degree  of  insufficiency  and  is  more 
related  to  the  direction  of  the  jet.  the  compliance  of  the  atrium, 
and  technical  factors,  such  as  the  settings  on  the  ultrasound 
machine  that  determine  how  data  are  acquired  and  dis- 
played.-*"'^  The  size  of  the  jet  at  the  regurgitant  orifice  is  prob- 
ably the  best  indicator  of  the  severity  of  valvular  incompetence 
(Fig.  8).  The  size  of  the  left  atrium  and  left  ventricle  in  mitral 
insufficiency  and  the  right  atrium  and  right  ventricle  in  tri- 
cuspid insufficiency  may  not  be  reliable  indicators  of  the 
severity  of  the  insufficiency  in  the  postoperative  patient 
because  they  may  be  inlluenced  by  preoperative  volume  over- 
load of  the  chambers. 

The  Role  of  Respiratory  Care 

As  the  role  of  RCPs  in  the  intensive  care  setting  increases, 
it  is  only  natural  that  they  will  need  not  only  to  respond  to  the 
findings  on  new  diagnostic  modalities  such  as  echocardici- 
graphy,  but  also  to  participate  in  the  examination  as  part  of 
the  patient  caie  team.  In  many  instances,  the  echocardiographic 


Fig.  8,  (A)  Transesophageal  two-dimensional  echocardiographic 
view  of  the  4-chambers  of  the  heart.  The  transducer  in  this  image 
IS  located  posterior  to  the  left  atrium.  This  is  an  example  of  a  pa- 
tient with  a  flail  mitral  valve  and  its  large  regurgitant  orifice  (arrow). 
(B)  Color-Doppler  examination  of  the  same  patient  with  the  flail  mi- 
tral valve  showing  the  large  regurgitant  color  orifice  at  the  level  of 
the  valve.  Note  that  the  color  jet  layers  out  along  the  left  atrial  wall. 


examination  has  respiratory  care  implications.  One  situation 
that  requires  piuticuku'  interaction  is  in  transesophageal  echociu- 
diograms  performed  in  the  intensive  care  unit.  During  trans- 
esophageal echocardiography,  sedation  is  frequently  required. 
The  administration  of  sedating  agents  requires  \  igorous  car- 
diorespiratory monitoring  because  these  patients  have  lim- 
ited cardiorespiratory  reserve  and  are  sensitive  to  minor  alter- 
ations in  cardiorespiratoi7  peifomiance.  Therefore,  the  admin- 
istration of  sedation  may  decrease  cardiac  or  respiratory 
function  and  result  in  a  decrease  in  oxygen  delivery.  Seda- 
tion can  lead  to  a  decrease  in  respiratory  effort  v\  ith  a  loss  ot 
functional  residual  capacity  and  atelectasis  and  a  leduction 
in  gas  exchange.  For  these  reasons,  some  patients  may  require 
intubation  prior  to  or  during  transesophageal  echocardiography 
to  adequately  examine  the  cardiova.scular  system.  In  patients 
who  are  already  intubated,  transesophageal  echocardiogra- 
phy may  result  in  respiratory  destabili/ation  secondary  to  dis- 
placement, advancement,  kinking,  and/or  obstruction  of  the 
endotracheal  lube. 
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Another  group  of  patients  that  requiies  optimal  in\  ()i\  e- 
ment  of  the  RCP  is  small  infants  and  children  in  the  inten- 
sive care  unit.  These  patients  ;ire  especially  sensitiv  e  to  minor 
alterations  in  cardiorespiratory  function  because  they  have 
limited  ability  lo  increase  their  cardiac  output  or  respiratory 
effort  in  response  to  increased  demands.  In  these  patients,  the 
echocardiographic  examination  can  be  a  destabilizing  event, 
and  reductions  in  cardiac  output  and  oxyhemoglobin  satu- 
ration t)ccur  frequently.  When  these  patients  become  unsta- 
ble during  an  echocardiogram,  it  usually  is  a  direct  result  of 
the  effects  of  the  sedation  that  is  administered  for  the  exam- 
ination. Sedatives  can  cause  a  profound  decrease  in  minute 
ventilation  resulting  in  atelectasis  and  alterations  in  gas 
exchange,  as  prev  iously  described.  When  minute  ventilation 
decreases  in  response  to  the  reduction  of  the  patient's  res- 
piratory efforts,  a  reduction  in  gas  exchange  follows,  if  the 
patient's  ventilator  settings  are  not  adjusted.  Such  destabi- 
li/ation  can  be  avoided  by  evaluating  the  patient  prior  to  the 
jirocedure  to  deiemiine  w liether  risk  ol  respiratoiA  compromise 
is  present  and  bv  continuous  assessment  of  the  patient's  minute 
ventilation  and  respiratory  rate  during  the  procedure.  Patients 
whose  spiintaneous  respiratiiiA  rate  is  high  prior  to  the  echocai- 
diogram  are  likely  to  destabilize  during  the  echocardiogram. 
If  the  patient's  respiratory  effort  decreases  during  the  study, 
the  settings  on  the  ventilator  should  be  increased  to  provide 
adequate  respiratory  support  until  spontaneous  efforts  return 
to  appropriate  levels. 

Compression  of  the  pulmonary  parenchyma  can  occur 
as  a  result  of  compression  of  the  thorax  by  transthoracic 
echocardiography  or  displacement  of  the  diaphragm  supe- 
riorly from  transabdominal  echocardiography.  These  two 
instances  result  in  a  'Imiciional'  reduction  in  pulmonan'  com- 
pliance, funclional  residual  capacity,  and  alveolar  expan- 
sion. The  ce)nsequences  are  an  increase  in  peak  inspiratory 
pressure  during  volume-control  ventilation  or  a  reduction 
in  lidal  V okuiie  during  pressure-control  ventilation  that  may 
leail  lo  a  dramatic  reduction  in  gas  exchange  and/or  pul- 
monary barotrauma.  The  RCP  should  anticipate  these  events 
iluring  the  procedure  and  set  the  veinilator-alarm  limits  so 
that  alterations  in  functional  pulmonary  compliance  can  be 
detected.  These  limits  include  peak-inspiratory  pressure,  mean 
airway  pressure,  and  tidal  volume.  If  abnormalities  are  de- 
tected during  echocardiiigraphy.  the  RCP  should  suggest  that 
the  siLidv  be  temporarily  interrupted  until  the  patient  recov  - 
ers.  A  well-versed  RCP  keeps  the  physicians  inlormed  about 
the  changes  in  compliance,  peak-inspiratoiv  pressure,  mean 
airvvav  pressure,  and  tidal  volume  that  have  resulted  from 
these  reductions  in  limclional  compliance.  In  this  manner 
the  RCP  can  help  prevent  destabilizing  events  during  the 
echocardiographic  evaluation. 

In  addition  to  participating  in  (he  monitoring  of  patients 
undergoing  echcK'ardiograpliy.  the  RCP  may  p;uticipale  directly 
in  the  use  of  echtK'iudiography  to  manage  patients.  One  exam- 
ple is  the  use  of  echocardiography  to  determine  the  most  effi- 


cient level  of  positive  end-expiratory  pressure  or  "best  PEEP.' 
Best  PEEP  is  that  which  optimizes  oxygen  delivery  by  increas- 
ing oxygen  content  while  maintaining  cardiac  output  and  dias- 
tolic function.''  It  is  determined  by  measuring  cardiac  func- 
tion using  echocardiography  as  the  PEEP  level  is  incrementally 
increased,  then  decreased.  Cardiac  output  can  be  determined 
from  the  continuity  equation  t Equation  6|.  Stroke  volume  can 
be  calculated  bv 


SV 


_  CSAV(R-R) 


[8] 


1000  cm  VL 

where  CSA  =  the  cross-sectional  area  of  tlie  v  alve  across 
which  the  flow  is  occurring  (cm-).  V  =  mean  veloc- 
ity across  the  valve  (cni/s).  and  R  -  R  =  the  duration 
of  a  cardiac  cycle  (s). 

To  calculate  the  cardiac  output,  one  need  only  multiply  the 
stroke  volume  by  the  heart  rate."^  The  aortic  valve  is  the  most 
reliable  site  for  measuring  the  ciu"diac  output  because  the  ;uinu- 
lus  is  rigid  and  does  not  change  appreciably  during  the  car- 
diac cycle.  Once  the  annulus  has  been  measured,  then  one  only 
needs  to  obtain  the  Doppler  flow  v  elocity  from  the  apical  vv  in- 
dow  for  each  PEEP  setting.  Because  the  aortic  annulus  is  essen- 
tially rigid,  the  changes  in  cardiac  output  are  directly  pro- 
portional to  the  integral  of  the  Doppler  spectral  tracing. 

In  Sumniarv 

The  changing  critical  care  environment  provides  a  won- 
derful opportunitv  for  RCPs  to  expand  their  influence  in  the 
critical  care  arena.  We  hope  that  a  better  understanding  of  one 
of  the  new  advances  in  critical  care  diagnostic  techniques. 
echcK'ardiography.  challenges  RCPs  to  increase  their  input 
into  this  important  discipline  of  critical  care. 
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Glossary  for  Echocardiography  in  Respiratory  Care 


adenosine  triphosphate:  Adenosine  triphosphate  (ATP) 
donates  its  terminal  energy-rich  phosphate  group  to  any  of 
a  number  of  acceptor  molecules,  enabling  them  to  take  place 
in  subsequent  enzyme-catalyzed  biochemical  reactions — oxida- 
tive phosphorylation.  In  myocytes,  it  is  the  formation  of  high- 
energy  phosphoric  bonds  (eg.  pyrophosphates)  from  the  energy 
released  by  the  dehydrogenation  (ie.  oxidation)  of  various  sub- 
strates— protein  kinases  in  the  sarcoplasm  of  muscle  cells  phos- 
phorylate  myosin,  ATPase.  and  calcium  channels — to  cause 
increased  myocardial  contractility. 

afterload:  the  'downstream'  resistance  imposed  on  a  ventricle. 
The  afterload  of  the  nght  ventricle  is  the  force  opposing  ejec- 
tion caused  by  the  resistance  of  the  pulmonary  vasculature: 
whereas,  the  afterload  of  the  left  ventricle  is  the  force  oppos- 
ing ejection  caused  by  the  resistance  of  the  systemic  circu- 
lation. Reducing  afterload  on  an  impaired  ventricle  improve 
its  function.  Afterload  was  once  considered  to  be  the  arterial 
pressure  or  some  other  measure  of  the  force  that  a  ventricle 
must  overcome  while  it  contracts  during  systolic  ejection,  con- 
tributed to  by  aortic  or  pulmonic  artery  impedance,  periph- 
eral vascular  resistance,  and  mass  and  viscosity  of  blood.  It 
is  now  more  rigorously  expressed  in  terms  of  the  wall  stress — 
ie.  the  tension  per  unit  cross-sectional  area  in  the  ventricular 
muscle  fibers  (calculated  by  Laplace's  law  from  internal  radius 
and  wall  thickness)  that  is  required  to  produce  the  transmu- 
ral (across  the  heart)  pressure  required  for  systolic  ejection. 

annulus:  the  fibrous  ring  that  supports  the  valve  tissue  in 
the  heart. 

aortic  stenosis:  pathologic  nairowing  of  the  aortic  valve 
orifice. 

apical  window:  see  echocardiographic  window. 

atrioventricular  valve:  the  heart  valve  that  separates  the 
atria  and  the  ventricles — open  during  diastole  to  allow  the 


blood  to  enter  the  ventricle  and  closed  during  ventricular 
systole  to  prevent  the  blood  from  leaking  back  (regurgitating) 
into  the  atrium. 

Bernoulli  equation:  describes  the  relationship  between  the 
tlow  velocity  across  a  narrowed  vessel  or  vahe  and  the  pres- 
sure drop  that  occurs. 

p,-P2  =  4V- 

where  Pi  and  P:  =  pressures  on  either  side  of  the 
obstruction,  and  V  =  blood-tlow  velocity  across  it. 

'best'  PEEP:  the  end-expiratory  pressure  that  maximizes  oxy- 
gen deliver)' — maximizes  lung  volume  reciiiitment  while  main- 
taining adequate  cardiac  output. 

cardiac  output:  the  amount  of  blood  ejected  by  the  heart  in 
a  unit  of  time,  usually  expressed  in  L/min.  It  is  the  product 
of  the  stroke  volume  (L/beat)  and  heart  rate  (beats/min): 


volume!  L)       beats 


volume(L) 


beat 


coarctation  of  the  aorta:  a  congenital  heart  defect  that  causes 
obstruction  to  tlow  in  the  descending  aorta.  The  obstruction 
is  caused  by  a  fibrous  shelf  that  protrudes  into  the  lumen  of 
the  aorta. 

color  Doppler:  the  ultrasound  machine  assigns  a  color  to  the 
moving  red  blood  cells  based  upon  the  direction  and  veloc- 
ity of  flow.  By  definition,  red  tlow  is  towards  the  transducer 
and  blue  flow  is  away  from  the  transducer.  Its  advantage  is 
that  blood  flow  patterns  can  be  seen  within  the  heart  but  its 
disadvantage  is  that  quantitative  measurements  cannot  be  made 
as  they  are  in  pulsed  and  continuous- wave  Doppler. 

congenital  heart  defect:  existing  at  birth;  refers  to  anoma- 
lies of  the  cardiovascular  system,  which  may  be  either  hered- 


Respiratory  Care  •  March  "96  Vol  41  No  3 


223 


Cardiorespiratory  Interactions 


itiiry  (genetic)  or  intluenced  by  events  occurring  during  ges- 
tation, up  to  the  moment  of  birth. 

continuous-wave  Doppler:  used  to  measure  bkxxl-tlow  veloc- 
ities in  the  heart  and  blood  vessels.  In  theory,  this  technique 
pcmiits  the  measurement  of  infinite  velocity  but  cannot  local- 
ize precisely  where  that  velocity  is  occurring  in  the  heart. 

contractility:  inotropic  state  of  the  myocardium;  the  ability 
or  propeil)  of  muscle  to  shorten  or  develop  increased  tension. 
A  term  u.sed  to  describe  the  intrinsic  properties  of  the  mus- 
cle not  related  to  preload  or  afterload.  As  long  as  heart  rate. 
preload,  and  afterload  do  not  change,  an  increase  in  con- 
tractility because  of  endogenous  or  exogenous  catecholamines 
results  in  an  increase  in  the  force  of  contraction,  myocardial 
oxygen  uptake,  and  cytoplasmic  calcium  concentration. 

coronal  view:  the  echocardiographic  plane  that  transects  the 
heart  in  a  superior  to  inferior  and  a  left  to  right  orientation. 
If  one  can  picture  walking  directly  through  a  mirror,  the  ori- 
entation of  the  minor  when  you  are  halfway  through  vvoultl 
be  the  coronal  plane  of  the  body  and.  thus,  the  heail. 


by  ribs  or  lung.  There  are  four  standard  v  lew  s:  the  first  is  along 
the  sternum  in  the  second  or  third  intercostal  space  (paraster- 
nal window)  and  includes  the  long-axis  and  the  orthogonal 
(peipendicular)  short-a.\is  •\ie\\:  the  second  is  the  apical  win- 
dow vv  hich  is  obtained  by  placing  the  transducer  ov  er  the  apex 
of  the  heiul.  which  is  at  the  point  of  maximal  impulse;  the  sub- 
costal or  subxiphoid  view  is  obtained  by  placing  the  trans- 
ducer in  the  abdomen  just  below  the  sternum;  the  final  view 
is  the  suprasternal  notch  \iew.  obtained  by  placing  the  trans- 
ducer above  the  sternal  notch. 

echocardiography :  ultrasound  evaluation  of  the  heart.  .Sound 
energy  is  transnutted  into  the  bod>'  and  reflected  back  to  the 
transducer  by  the  encountered  tissues.  Deflections  or  images 
appear  on  the  monitor. 

ejection  fraction,  systolic:  The  ejection  fraction  is  that  frac- 
tion of  the  end-diastolic  volume  that  is  ejected  during  systole. 
ie.  the  stroke  volume  divided  by  end-diastolic  volume,  nor- 
mally 0.75-0.80.  ie.  75-80'7f .  With  the  onset  of  congestive  heart 
failure,  the  ejection  fraction  decreases,  sometimes  to  as  lit- 
tle as  0. 10  ( 109( ),  in  severe  cases. 


diastolic  ventricular  function:  ventricular  function  during 
the  period  during  v\  hich  the  left  atrium  empties  into  the  left 
ventricle.  Diastole  begins  when  the  aortic  valve  (between  the 
left  ventricle  and  aorta)  closes  and  ends  when  systole  begins 
with  the  closing  of  the  mitral  valve  (between  the  left  atrium 
and  ventricle).  It  alternates  rhythmicallv  vsith  systole  or  con- 
traction of  the  heart. 

Doppler:  the  phv  sical  principle  described  by  Johan  Doppler 
that  the  liequency  of  a  sound  wave  changes  relative  to  the 
\ elocity  of  an  object  as  it  moves  towards  or  away  from  an 
observer.  In  echocardiography,  the  "observer'  is  the  transducer, 
which  emits  and  receives  a  sound  wave  at  a  given  frequency. 
The  objecl  is  the  red  blood  cells  as  it  moves  through  the  heart 
and  blood  v  essels.  As  red  blood  cells  move  towards  or  away 
from  the  tiansducer.  the  sound  v\ av e  that  returns  to  the  trans- 
ducer, after  hitting  the  red  bkxxJ  cells,  has  a  different  frequency, 
which  is  proportional  to  the  velocity  of  the  blood  cells.  Pulsed 
Doppler  allow  s  the  v  elocity  to  be  measured  in  a  specific  area 
of  the  heart  hut  is  limited  by  noi  being  able  to  measure  high 
velocity  flow .  In  theory,  continuous-wave  Doppler  permits 
the  measurement  of  infinite  velocity  but  cannoi  localize  pre- 
cisely where  it  is  occurring  in  the  heart. 

ductus  arteriosus:  a  vessel  that  connects  the  pulnionan  artery 
In  the  aorta  aiul  allows  the  blood  to  bypass  the  tluid-filled  lungs 
in  ulero.  In  nomial.  term  infants,  the  PD.A  closes  spontaneously 
soon  alter  birth. 

echocardioijraphic  window :  an  area  of  soft  tissue  on  the  chest 
or  abdomen  ihat  allow  s  a  v  iew  of  the  heart  thai  is  not  obstrticted 


frame  rate:  the  echocardiographic  image  that  is  displayed 
on  the  screen  is  a  composite  of  many  still  images.  The  num- 
ber of  images  displayed  per  second  is  the  frame  rate. 

long-axis  view:  see  echocardiographic  window. 

M-mode  (time-motion  mode):  the  first  form  of  clinically 
Useful  ultrasound.  It  uses  a  single  scan  line  rather  than  the 
multiple  scan  lines,  used  to  develop  the  two-dimensional 
image.  Its  high  resolution  enables  highly  accurate  mea- 
surement of  V  alv  uku'  and  chamber  dimensions  and  is  its  great- 
est advantage. 

mitral  valve:  the  atrioventricular  valve  between  the  left 
atrium  and  left  ventricle. 

myosin:  one  of  the  proteins  of  muscle  fiber  essential  for  mus- 
cle contraction.  Its  binding  to  actin  and  sub.sequent  confor- 
mational change  results  in  muscle-fiber  shortening  know  n  as 
muscle  contraction. 

orthogonal  view:  See  echocardiographic  window. 

outlet  septum:  the  portion  of  the  v  entricular  septum  that  lies 
between  the  aortic  and  pulmonarv  v  alves. 

parasternal  window:  See  echocardiographic  window. 

preload:  volume  of  bkxxi  in  tlie  heart  at  the  start  of  conU'action. 
It  is  nomially  estimated  using  end-diastolic  pressure  and  varies 
inversely  with  intrathoracic  pressure.  Under  normal  cir- 
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cumstances.  larger  preload  results  in  greater  ventiiciilar  stretch- 
ing and  larger  stroke  volume.  The  amount  of  stretching  the 
\  entricle  undergoes  prior  to  contraction.  It  is  estimated  by  the 
measurement  of  end-diastolic  ventricular  volume,  hi  the  intact 
heail.  the  stietch  is  proportional  to  the  \  olume  of  venous  retuiTi 
delivered  to  the  \  entricle  during  diastole. 

Pulsed  Doppler:  An  echocardiographic  technique  that  allow  s 
blood-tlow  velocity  to  be  measured  in  a  specific  area  of  the 
heart  but  is  limited  by  an  inability  to  measure  high-veloc- 
ity tlow . 

R-R  interval:  the  time  between  two  consecutive  R  waves  on 
the  electrocardiogram — the  duration  of  one  cycle  (beat)  of 
the  heart. 

sagittal  view:  the  echocardiographic  plane  that  transects  the 
heart  in  a  superior  to  inferior  and  anterior  to  posterior  plane. 
This  plane  is  through  the  body  in  a  way  that  divides  the  body 
in  half — a  cross-section. 

sarcoplasmic  reticulum:  multiple  folded  membranes  w  ithin 
the  myocyte  (muscle  cell);  the  site  of  calcium  storage  ;uid  relea.se. 

scan  line:  The  ultrasound  beam  is  made  up  of  multiple  lines, 
which  make  up  the  two-dimensional  echocardiographic  image. 
TTie  transducer  contains  128  elements,  which  send  and  receive 
sound  waves.  Each  element  has  its  own  scan  line. 

semilunar  valve:  the  aortic  and  pulmonary  valves  located 
between  the  ventricles  and  the  great  vessels  (aorta  and  pul- 
monai"}'  artery).  They  open  to  allow  flow  out  to  the  body  (aor- 
tic valve)  and  lungs  (pulmonic  valve)  during  ventricular  con- 
traction and  close  when  the  ventricle  is  filling  during  dias- 
tole to  prevent  the  blood  from  le;iking  back  into  the  ventricles 
(regurgitating)  from  the  great  vessels. 

short-axis  view:  See  echocardiographic  window. 

shortening  fraction:  the  percent  of  change  between  the  sys- 
tolic and  diastolic  dimension  of  the  heart,  used  as  an  index 
of  left-ventricular  strength. 


%SF  = 


LVEDD  -  LVESD 


X  100, 


LVEDD 

where  LVEDD  =  left-venuicular  end-diastolic  diam- 
eter (cm)  and  LVESD  =  left-ventricular  end-systolic 
diameter  (cm). 

Simpson's  rule:  a  method  used  to  calculate  the  volume  of 
the  left  N'entricle  and.  then,  ejection  fraction.  This  method 


assumes  that  the  \entricle  is  an  ellipsoid  that  is  divided  into 
20  stacked  disks.  The  volumes  of  the  indi\idual  disks  are  cal- 
culated and  summed. 

spectral  tracing:  the  graphic  display  of  the  Doppler  signal, 
with  time  along  the  horizontal  axis  and  \elocity  along  the  ver- 
tical axis. 

stroke  volume:  the  volume  of  blood  ejected  from  tlie  heait  with 
each  contraction,  expressed  in  liters.  It  can  he  estimated  by 

5Y=  CSA   V(R-R) 
lOOOcm'/L 

where  CSA  =  the  cross-sectional  area  of  the  valve  across 
which  the  flow  is  occuning  (cm-).  V  =  mean  veloc- 
ity across  the  valve  (cm/s).  and  R  -  R  =  the  duration 
of  a  cardiac  c\cle  (s). 


subcostal  window:  See  echocardiographic  window. 

suprasternal  notch  wiiidoM :  See  echocardiographic  window. 

systolic  ventricular  function:  function  during  systole — the 
phase  of  the  heart  beat  during  which  the  ventricles  contract. 
In  the  left  ventricle,  it  is  the  period  that  begins  with  the  clo- 
sure of  the  mitral  valve  and  ends  with  the  closure  of  the  aor- 
tic valve. 

three-dimensional  view:  the  \  iew  that  is  obtained  by  sum- 
ming the  two-dimensional  images. 

transducer  plane:  the  two-dimensional  fan-shaped  plane  that 
is  sent  out  from  the  transducer  and  is  usually  oriented  along 
the  length  of  the  transducer. 

transesophageal  window:  A  specialized  ultrasound  trans- 
ducer is  placed  into  tlie  esophagus  to  obtain  images  from  behind 
the  heart.  This  image  is  superior  to  those  obtained  through 
other  windows,  particularly  in  adults,  because  the  heart  struc- 
tures are  closer  to  the  transducer  and  there  is  no  intert'erence 
from  ribs  or  lungs. 

tricuspid  valve:  the  atrioventricular  valve  that  is  located 
between  the  right  atrium  and  the  right  ventricle. 

valvuloplasty:  the  use  of  a  balloon  catheter  or  incision  to  open 
up  a  naiTowed  valve. 

ventricular  septal  defect:  a  defect  or  hole  in  tlie  wall  between 
the  left  and  right  ventricle,  allowing  blood  to  flow  between 
the  two  chambers. 
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Severe  Cardiorespiratory  Dysfunction  following  Cold-Water  Submersion: 
The  Successful  Use  of  Extracorporeal  Membrane  Oxygenation 

Ira  M  Cheifetz  MD.  Scott  R  Schiilman  MD,  Baibaia  C;  Wilson  MEcl  RRT, 
J  William  Gaynor  MD,  and  Jon  N  Meliones  MD 


Introduction 

Drowning  is  the  second  most  common  cause  of  acciden- 
tal death  and  the  third  leading  cause  of  all  mortahty  in  chil- 
dren.' '  Approximately  8,700  drownings  occur  annually  in 
the  United  States,""  It  is  estimated  that  there  ;ire  five  times  more 
near-drowning  accidents  than  drow  nings.  vv  ith  near-drown- 
ing defined  as  survival  from  a  submersion  accident  beyond 
24  hours."*'  Overall  survival  rates  for  submersion  accidents 
have  been  reported  to  be  66%;  whereas,  overall  survival  with 
good  neurologic  recovery  is  estimated  to  be  56%,""' 

Morbidity  and  mortality  secondary  to  pulmonary  dys- 
function are  common  following  submersion  accidents,-  "'"'^ 
Both  fresh-  and  saltwater  aspiration  are  equally  likely  to  result 
in  surfactant  deactivation  and  damage  to  the  alveolar  base- 
ment membriuie.-"  In  both  conditions,  alveolitis  and  pulmoniu")' 
edema  occur.  Acute  respiratory  distress  syndrome  ( ARDS) 
was  reported  in  27%  of  near-drowning  patients  in  a  series  by 
Biggart  and  Bohn."  Only  20%  of  these  patients  with  ARDS 
survived  with  intact  neurologic  function.  Le\  in  et  aH  state  that 
intrapulmonaiA'  shunting  can  increase  from  the  nomial  5-18% 
to  75%  after  a  submersion  accident.  In  contrast  to  pulmonary 
failure,  cardiac  failure  after  a  submersion  is  uncommon.^ "" ' 
and  the  developnient  of  combined  cardiorespiratory  failure 
is  extremely  rare. 

Despite  the  high  morbidits  and  mortal il\  in  submersion 
victims  often  associated  u  ith  pulmim;u'\  dysfunction  and  occa- 
sionally associated  with  cardiac  dysfunction,  there  has  been 
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only  a  single  prior  report  in  which  extracorporeal  membrane 
oxygenation  (ECMO)  was  used  for  pulmonary  failure  after 
a  submersion  incident.'-  In  that  patient,  cardiovascular  dys- 
function w as  not  piominent.  Our  case  report  illustrates  the 
successfijl  use  of  ECMO  in  the  treatment  of  severe  combined 
piilmonarv'  and  citrdiac  dysfunction  following  prolonged  cold- 
water  submersion. 

Case  Report 

A  healthy.  3-year-old.  1 5-kg  boy  was  a  passenger  in  a  4- 
wheel.  all-terrain  vehicle  when  the  driver  missed  a  turn  and 
the  vehicle  slid  into  a  partially  frozen,  freshwater  pond.  The 
child  was  trapped  and  submerged  under  the  vehicle  for  approx- 
imaleK  15  minutes.  He  was  pulled  to  land  by  his  mother  who 
initiated  n"iouth-to-moulh  ventilation.  Pitramedics  arrived  sev- 
eral minutes  later  and  found  the  child  asystolic.  They  began 
external  caidiac  compressions,  intubated  the  patient's  trachea, 
and  transpoiied  the  child  to  the  emergenc>  departmenl  of  the 
local  hospital. 

L'pon  anival  in  the  local  emergency  department,  the  child 
remained  asystolic  with  a  rectal  temperature  less  than  25'  C 
(the  lower  limit  of  the  thermometer).  External  chest  com- 
pressions were  continued.  Chemical  resuscitation  with  epi- 
nephrine and  atropine  resulted  in  the  restoration  of  normal 
sinus  rhythm  after  the  child's  temperature  had  risen  to  28°  C. 
The  total  duiation  of  asystole  was  approximateh  40  minutes. 
The  patient  was  then  tiansported  to  our  lertiary  refenal  cen- 
ter for  further  management. 

Upon  arrival  in  our  emergency  department,  the  patient's 
core  temperature  was  32"^  C  with  a  Glasgow  Coma  Scale* 
(GCS)  score  of  4.  Initial  arterial  blood-gas  values  while  being 
manually  \ entilated  with  Fio: of  1 .0  revealed:  pH  6.83.  Paco: 
65  ton-  (8.7  kPa).  P„o:  133  torr  (17.7  kPa),  and  base  deficit 
24  mmol/L  (conected  to  a  temperature  of  37°  C).  Despite  ven- 


*  See  the  Glossarv  followina  the  References  Section. 
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tilatory  support  and  sodium  bicarbonate  administration,  car- 
diorespiratoiy  dysfunction  progi-essed.  Chest  radiograph  demon- 
strated diffuse  ;ilveolar  disease  (Fig.  I ).  A  computerized  tomog- 
raphy scan  oftlie  patient's  head  revealed  no  e\  idence  for  anoxic 
brain  injury  or  cerebral  edema.  The  patient  was  transferred 
to  the  pediatric  intensive  care  unit  (PICU). 


Fig.  1.  Chest  radiograph  Immediately  after  PICU  admission.  Note 
the  diffuse  air  space  involvement,  which  Is  consistent  with  a  diag- 
nosis of  acute  respiratory  distress  syndrome. 


At  the  time  of  PICU  admission,  the  rectal  temperature  was 
36.3°  C.  The  child  had  a  sinus  tachycardia  at  a  rate  of  170 
beats/min  and  a  blood  pressure  of  1 10/70  mm  Hg.  Auscul- 
tation of  the  lungs  revealed  diffuse  coarse  rales  and  rhonchi 
with  decreased  breath  sounds.  Neurologic  examination 
revealed  purposeful  movements,  appropriate  responses  to  pain, 
eye  opening  to  pain,  and  a  GCS  score  ot  8. 

The  patient  was  mechanically  ventilated  (Servo  900C, 
Siemens  Medical  Systems.  Solno.  Sweden)  in  a  time-cycled, 
pressure-limited,  decelerating-flow  (pressure-control)  mode 
through  a  cuffed  5.0-mm  ID  endotracheal  tube.  Initial  ven- 
tilator settings  included  Fio:  0.50,  peak  inspiratory  pres- 
sure (PIP)  38  cm  HiO,  positive  end-expiratory  pressure 
(PEEP)  10  cm  H2O,  inspiratory  time  (t|)  1.0  second,  and 
respiratory  rate  20  breaths/min.  These  settings  resulted  in 
arterial  blood-gas  values  of  pH  7.47.  Paco;  ^  1  torr  (4. 1  kPa). 
PaO;  94  torr  ( 1 2.5  kPa).  and  base  deficit  0  mmol/L.  A  bal- 
loon-tipped, tlow-directed  catheter  was  positioned  in  the 
right  pulmonary  artery  enabling  hemodynamic  measure- 
ments. Cardiac  index  by  the  thermodilution  technique  was 
5.8  L  •  min'  ■  m -.  pulmonary  artery  pressure  21/10  mm  Hg, 
central  venous  pressure  15  mm  Hg.  and  pulmonary  artery 
wedge  pressure  12  mm  Hg. 


During  the  fust  24  hours  in  the  PICU,  the  child  developed 
severe  combined  cardiorespiratory  dysfunction.  His  P;,oi 
decreased  to  42  toiT  (5.6  kPa)  with  an  oxyhemoglobin  satu- 
ration (S.,():)  of  7 1  %  despite  our  having  increased  the  Fkx,  to 
1 .0,  PIP  to  40  cm  H:0.  PEEP  to  14  cm  H:0,  and  Pa«  to  25 
cm  H2O.  The  ti  was  maintained  at  1 .0  second,  and  the  res- 
piratoi7  rate  ;>'  -('  breaths/min.  Ventilation  remained  adequate 
with  the  P,,co;  ranging  from  35  to  45  torr  (4.7  to  6.0  kPa).  A 
trial  of  high-frequency  oscillatory  ventilation  was  ineffective 
with  oxygen  saturation  decreasing  to  60-65%  despite  an  increase 
in  P;nv  to  35-40  cm  H2O.  Large  amounts  of  frothy,  red  secre- 
tions were  suctioned  hourly  from  his  endotracheal  tube. 

Cardiovascular  instability  developed  with  recurrent  epi- 
sodes of  severe  hypotension  (systolic  blood  pressure  less  than 
40  mm  Hg),  bradycardia  (pulse  less  than  80  beats/min),  and 
\ciitricularectopy.  An  electrocardiogram  revealed  ST-seg- 
mcnt  depression  in  all  leads,  while  an  echociu-diogram  demon- 
strated a  hypocontractile  left  ventricle  with  minimal  motion 
of  the  posterior  free  wall.  Creatinine  kinase  MB  fraction  was 
elevated  at  36  lU/L  (normal  <  9  lU/L).  Despite  continuous 
inotropic  support  with  epinephrine  0.1  ^g  ■  kg"'  •  min  ', 
dopamine  lO^i/g-kg"'-  min''.  and  dobutainine  15 /ig-  kg'' 
•  min'.  cardiovasculm-  function  continued  to  deteriorate.  The 
cardiac  index  decreased  to  2.2  L  ■  min"'  •  nr-  while  the  pul- 
monary artery  pressure  increased  to  54/41  mm  Hg.  the  cen- 
tral venous  pressure  increased  to  27  mm  Hg.  and  the  pulmonary 
artery  wedge  pressure  increased  to  33  mm  Hg.  The  serum  lac- 
tate rose  from  1 .9  to  6.0  mmol/L  indicating  inadequate  sys- 
temic tissue  oxygen  delivery  and  the  onset  of  anaerobic 
metabolism.  Resuscitative  efforts  included  multiple  boluses 
of  epinephrine,  lidocaine.  calcium,  and  colloid.  Throughout 
(his  period  of  cardiopulmonary  instability,  the  results  of  the 
child's  neurologic  examination  remained  unchanged. 

Approximately  30  hours  after  the  near-drowning  accident, 
the  decision  to  initiate  ECMO  for  refractory  cardiorespira- 
tory dysfunction  was  made.  The  patient  was  placed  on  veno- 
arterial ECMO  via  the  right  common  carotid  artery  and  the 
right  internal  jugular  vein  (Fig.  2)  utilizing  ECMO  flow  rates 
of  100  mL/kg.  The  ventilator  was  changed  to  time-cycled,  con- 
tinuous-flow, volume-limited  mode  with  variable  How  wave- 
form and  pressure  support.  Ventilator  settings  included  res- 
piratory rate  8  breaths/min.  tidal  volume  120  niL,  PEEP  10 
cm  H2O,  pressure  support  5  cm  H2O,  and  Fio:  0.21.  The 
patient's  P,o:  ranged  from  80  to  1 20  toiT  ( 10.7  to  16  kPa).  Acti- 
vated clotting  times  were  maintained  between  160  and  175 
seconds.  The  chest  radiograph  is  shown  in  Figure  3.  Phar- 
macologic paralysis  was  discontinued,  and  the  child  showed 
a  progressive  increase  in  spont:meous  movements  and  eye  open- 
ing. Serial  electroencephalographic  examinations  revealed  no 
concerning  abnormalities. 

After  the  initiation  of  ECMO.  the  heart  developed  cardiac 
stun,  which  is  the  near-total  or  total  absence  of  left  ventric- 
ular contribution  to  cardiac  output.'"*  This  continued  for  approx- 
imately 36  hours.  Repeat  echocardiogram  on  ECMO  Day  3 
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revealed  globally  depressed  myocardial  tunctioii.  but  no  focal 
uall-motion  abnomialities.  During  these  several  days,  the  elec- 
trocardiogram became  normal,  and  the  chest  radiograph 
showed  progressive  improvement  as  PEEP  was  maintaineil 
at  lOcmH.O. 


Rtghl 

Internal  jugular 


Right 

common  carotid 

Ascending  aorta 


Blodder 


O       O 


Pump 


Fig.  2.  Diagram  showing  the  components  of  and  the  direction  of 
blood  flow  through  a  venoarterial  extracorporeal  membrane  oxy- 
genator circuit." 


ECMO  was  successfully  discontinued  after  an  uncom- 
plicated 137-hour  course.  The  child  remained  hemodynam- 
ically  stable  off  ECMO  w  ith  no  vasopressor  requirements. 
Ventilator  settings  in  the  pressure-control  mode  included  res- 
piratory rate  16  breaths/min.  PIP  40  cm  H:0.  PEEP  <S  cm 
H2O,  and  F|(),  0.60.  P,,o:  ranged  from  80  to  100  lorr  (10.7 
to  13.3  kPa). 

Six  days  after  vessel  decannukiiion.  the  patient's  trachea 
was  successfully  extubated  (hospital  Day  13).  At  that  time, 
he  was  awake  and  communicating  with  his  family  and  the  staff. 
Two  days  later,  the  patient  was  iransfened  to  an  inpatient  ward. 
One  month  after  his  near-drowning  incident,  the  child  was 
discharged  home  in  excellent  condition.  Three  months  after 
discharge,  the  child  was  determined  to  have  normal  cardiac. 
pulmon;iry.  and  neurologic  function.  Follow-up  studies,  includ- 
ing electrocardiogram,  chest  radiograph  (Fig.  4).  crying  vital 
capacity,  end-tidal  capnography.  room-air  oximetry,  and  mag- 
netic resonance  imaszinsi  of  his  head,  were  normal. 


Fig.  3,  Cfiest  radiograph  after  the  initiation  of  ECMO  shows  a  wors- 
ening of  atelectasis — a  common  occurrence  as  ventilator  settings 
are  reduced  in  a  lung-sparing  strategy. 


Fig.  4.  Chest  radiograph  3  months  after  discharge  from  the  hospi- 
tal demonstrating  resolution  of  the  ARDS. 


Discussion 

Controversy  exists  regarding  the  prognosis  of  submersion 
\  ictims.  The  major  factors  that  separate  intact  survivors  from 
impaired  survivors  and  nonsurvivors  have  been  extensively 
studied:  however,  the  results  are  often  conflicting.''''*"*  Thus, 
the  use  of  "heroic  measures"  in  such  a  patient  remains  con- 
troversial. Whether  an  asystolic  submersion  victim  should  be 
resuscitated  is  dilemmatic  and  how  best  to  support  the  car- 
diorespiratory s\  stem  in  these  patients  is  controversial.  Dra- 
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matic  case  reports  of  survival  after  prolonged  cold-v\ater  sub- 
mersions ha\e  been  reported.'""-''  In  several  of  these  cases, 
cardiopulmonary  bypass  was  used  for  extracorporeal  blood 
warming,  with  the  longest  reported  time  on  c;u-diopulmonary 
bypass  being  just  o\er  two  hours.'" "-'  However,  prolonged 
cardiopulmonary  bypass  in  the  form  of  ECMO  to  support  both 
pulmonary  and  cardiac  function  ma_\  be  a  beneficial  approach 
for  these  patients. 

The  pulmonary  dysfunction  data  by  Levin  et  aH  and  Big- 
gart  and  Bohn''  suggest  that  pulmonary  failure  is  likely  after 
a  submersion  accident;  however,  significant  cai'diac  dysfunction 
is  much  less  likely  to  occur.-*'""  In  our  patient,  both  pulmonary 
and  cardiac  failure  occurred — a  combination  that  carries  a  high 
risk  of  mortality.  The  need  for  near-complete  respiratory  and 
cardiac  support  prompted  the  decision  to  initiate  venoarte- 
rial ECMO. 

The  acute  lung  injury  that  de\eloped  in  this  patient  is  due 
to  a  variety  of  causes.  In  addition  to  the  primary  lung  injury, 
strong  evidence  exists  that  mechanical  \  entilation  with  high 
PIP  and  Fio:  may  cause  the  initial  injui-y  to  progress.  The  \  en- 
tilatory  management  of  this  patient  prior  to  ECMO  focused 
on  minimizing  PIPs  and  utilizing  pressure-limited  \entilatioii 
and  a  decelerating  flow  pattern  (pressure-control).  PEEP  was 
titrated  to  re-establish  lung  volume  (functional  residual  capac- 
ity. FRO  while  the  F|0;  was  decreased  when  possible.  Nor- 
mocapnia (Paco;  35-45  torr)  was  used  to  preser\e  aiterial  pH 
in  the  face  of  the  metabolic  acidosis  caused  by  cardiac  fail- 
ure and  poor  systemic  perfusion.  Pemiissi\  e  hypercapnia  and 
inverse  ratio  \entilation  were  not  instituted  due  to  tlie  metabolic 
acidosis,  progressive  pulmonary  artery  hypertension,  and 
decreasing  cardiac  indices.  Our  inability  to  adequately  oxy- 
genate this  patient  coupled  w  ith  the  ad\  erse  effects  of  max- 
imal ventilatory  support  and  cardiac  failure  contributed  to  the 
decision  to  initiate  ECMO. 

During  ECMO.  the  ventilator  settings  were  markedly 
reduced;  however.  PEEP  levels  of  10-12  cm  H2O  were  used 
to  maintain  end-expiratory  lung  volume — FRC.  Spontaneous 
ventilation  and  patient- ventilator  synchrony  were  facilitated 
by  pressure-support  ventilation.  Lung  recovery  was  monitored 
with  daily  measures  of  dynamic  and  static  compliance  and 
with  chest  radiographs.  As  compliance  and  cardiac  output 
improved,  ventilatoiy  support  was  increased  and  ECMO  sup- 
port decreased. 

One  rare  complication  that  occuned  in  ihis  patient  was  the 
development  of  cardiac  stun.  Cardiac  stun  has  been  reported 
to  occur  in  approximately  S'/r  of  infants  on  \enoarterial 
ECMO;-''  howex  er.  its  incidence  in  older  patients  is  not  known. 
This  phenomenon  is  thought  to  occur  secondary  to  reperfusion 
of  the  heart,  an  increased  cardiac  afterload  from  the  high 
ECMO  tlow  rates,  a  preferential  coronary  blood  supply  from 
the  poorly  oxygenated  pulmonary  \  cnous  return,  and/or  an 
increase  in  the  left-ventricular  end-diastolic  pressure.  An  ele- 
vated left  ventricular  end-diastolic  pressure  may  occur  if  the 
left  ventricle  is  unable  to  empty  and  ventricular  pressure 


increases.  If  this  increase  in  left  ventricular  end-diastolic  pres- 
sure is  excessive,  it  may  adverscl>  affect  both  pulmonary  and 
cardiac  function.  Increases  in  left  ventricular  end-diastolic 
pressure  cause  elev  ations  in  left  atrial  pressure  vv  ith  secondaiA' 
pulmonary  venous  hypertension,  pulmonary  edema,  and 
delayed  pulmonary  recovery.  In  addition,  coronary  perfusion 
pressure  and  coronarv  blood  (low  depend  on  the  difference 
between  the  left  ventncular  end-diastolic  pressure  and  the  aor- 
tic diastolic  pressure.  Therefore,  an  increase  in  left  ventric- 
ular end-diastolic  pressure  results  in  a  decrease  in  coronary 
perfusion  pressure,  coronan'  blood  tlow .  and  myociudial  oxy- 
gen delivery.  This  may  delay  restoration  of  normal  myocar- 
dial function. 

Ciadiac  stun  is,  therefore,  a  potentially  diuigerous  condition 
with  negative  effects  on  both  the  cardiac  and  pulmonary  sys- 
tems. If  cardiac  stun  occurs.  2-dimensional  echocardiogra- 
phy may  be  helplul  in  following  its  resolution,  which  usually 
occurs  within  72  hours.-"*  However,  if  spontaneous  resolution 
does  not  occur,  decompression  of  the  left  ventricle  may  be 
attempted  by  either  atrial  septotomy  or  direct  transthoracic 
cannulation  of  the  left  atiium.  This  latter  option  involves  divert- 
ing blood  from  the  left  atrium  to  the  v  enous  side  of  the  ECMO 
circuit,  decreasing  left  v  entricular  end-diastolic  pressure  and 
improving  cardiac  and  pulmonary  function. 

RecoveiA'  can  be  achiev  ed  for  both  cardiac  and  pulmonale 
failure  in  the  near-drowning  patient.  The  primary  difficulty 
lies  in  identifying  the  submersion  v  ictim  w  ith  cardiopulmonary 
failure  who  is  neurologically  intact  and.  therefore,  a  poten- 
tial ECMO  candidate.  Major  prognostic  variables  are  the  tem- 
perature of  the  water  and  of  the  patient.  There  is  strong  evi- 
dence that  rapid  hypothemiia.  core  temperature  less  than  32°  C, 
significantlv  improves  the  prognosis  for  neurologically  intact 
survival  after  a  submersion  accident.""  -'■-"'"-'' 

Several  studies  have  researched  neurologic  outcome  based 
on  the  GCS  score.  A  GCS  score  of  <  5  at  the  time  of  PICU 
admission  has  been  correlated  with  a  poor  outcome.'^ '"  A  GCS 
score  of  >  6  has  been  related  to  intact  survival.-**  Whether 
hypothermia  nwdifies  these  findings  is  unclear.  GCS  score 
determinations  after  warming  may  be  more  prognostic  than 
the  initial  GCS  score.  As  demonstrated  in  our  patient,  the  GCS 
score  increased  from  4  in  the  emergency  department  to  8  in 
the  PICU  with  wanning  and  routine  resuscitative  care.  There- 
fore, our  patient  would  have  been  predicted  to  have  a  successful 
neurologic  outcome  based  on  the  GCS  taken  after  warming. 

In  Summary 

When  the  neurologic  status  of  such  a  patient  is  encouraging, 
ECMO  may  be  lifesaving  if  pulmonary  and/or  cardiac  fail- 
ure is  occurring.  This  report  illustrates  the  successful  use  of 
ECMO  in  the  case  of  a  young  victim  of  cold-water-submersion 
in  whom  neurologic  function  was  preserved,  but  both  pul- 
monai-y  and  c;irdiac  function  were  severely  impaired.  It  is  often 
difficult  to  assess  the  appropriateness  of  ECMO  for  the  trcat- 
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ment  of  a  submersiDii  \icliiii.  Taking  this  case  and  the  pub- 
lished data  into  consideration,  we  offer  the  following  sug- 
gestions concerning  the  appropriateness  of  ECMO  in  \  ictims 
of  near-drow  ning. 

•  Tlie  patient  should  first  meet  the  ECMO  criteria  of  the  indi- 
vidual institution. 

•  A  patient  should  not  be  excluded  as  an  ECMO  candidate 
based  upon  the  total  duration  of  asystole. 

•  The  temperature  of  the  water  and  of  the  patient  must  be 
taken  into  consideration. 

•  If  central  nervous  system  pathology  is  present,  including 
hemorrhages,  cerebral  edema,  and  ano.xic  brain  injury. 
ECMO  should  not  be  considered. 

ECMO  may  be  lilcsa\  ing  for  \'ictims  of  submersion  acci- 
dents who  are  neurologically  intact  but  have  life-threatening 
cardiac  and/or  pulmonary  failure.  If  a  patient  meets  ECMO 
criteria  from  a  cardiopulmonary  status,  has  no  obvious  cen- 
tral nervous  system  pathology,  and  has  an  encouraging  neu- 
rologic examination,  a  trial  of  ECMO  may  be  indicated. 

If.  after  the  initiation  of  ECMO,  the  patient's  neurologic 
status  deteriorates  or  fails  to  improve  appropriately,  early 
withdrawal  of  ECMO  should  be  considered. 
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Glossary  for  ECMO  &  Cold-Water  Submersion 


afterload:  the  "downstream'  resistance  imposed  on  each  of 
the  ventricles.  The  afterload  of  the  right  ventricle  is  the  force 
opposing  ejection  caused  by  the  resistance  of  the  pulmonary 
vasculature:  whereas,  the  afterload  of  the  left  ventricle  is  the 
force  opposing  ejection  caused  by  the  resistance  of  the  sys- 
temic circulation.  Reducing  afterload  of  an  impaired  ventricle 
often  improves  its  function. 

atrial  septotoniy:  the  intentional  creation  of  an  opening  in 
the  atrial  septum,  either  to  create  atrial  level  mixing  for  patients 
with  transposition  of  the  great  vessels  or  to  provide  an  alter- 
nate path  for  systemic  blood  How  in  the  case  of  severe  right 
ventricular  dysfunction.  In  this  latter  case,  systemic  perfusion 
is  maintained  at  the  expense  of  a  lower  arterial  oxyhemoglobin 
saturation.  Atrial  septotomy  may  also  be  an  option  to  relieve 
end-diastolic  engorgement  of  the  left  ventricle,  such  as  that 
seen  in  the  case  we  report. 

cardiac  index:  the  cardiac  output  divided  by  body  surface 
area.  Cardiac  index  (L  ■  min'  ■  nr')  enables  the  comparison 
of  values  of  cardiac  output  among  patients  of  varying  size 
and  to  the  "normal'  values  that  have  been  developed. 

cardiac  stun:  the  near-total  or  total  absence  of  left  %'entric- 
ular  contribution  to  cardiac  output  after  the  initiation  of 
venoarterial  ECMO,  characterized  by  increased  left-ven- 
tricular afterload  and  increased  end-diastolic  volume. 

cardiac  output:  the  volume  of  blood  ejected  by  the  heart  dur- 
ing a  gi\en  time  period,  usually  L/min.  Cardiac  output  is  the 
product  of  stroke  volume  and  heart  rate. 

central  venous  pressure:  Central  venous  pressure  is  obtained 
from  a  transduced  central  venous  catheter  placed  in  an  inter- 
nal jugular  or  subclavian  vein  with  the  catheter  tip  in  the  supe- 
rior vena  cava.  The  central  venous  pressure  aids  in  assess- 
ing the  intravascular  \olume  status  and.  indirectly,  right  ven- 
tricular function. 

colloid  infusions:  the  intravenous  administration  of  colloids 
such  as  plasma  protein  (including  albumin)  and  blood  prod- 
ucts. Routine  intravenous  fluids,  such  as  D5  0.45%  saline,  are 
termed  crystalloids. 

coronarj'  perfusion  pressure:  Coronary  perfusion  pressure  deter- 
mines coronaiA'  blocxl  flow  and  depends  on  the  difference  between 
the  left  ventricular  end-diastolic  pressure  and  the  aortic  dias- 
tolic pressure.  Therefore,  an  increase  in  left-\entriculai'  end-dias- 
tolic pressure  results  in  a  decrease  in  coronary  perfusion  pres- 
sure, coronary  blood  flow,  and  myocardial  oxygen  delivery. 

crying  vital  capacity:  Vital  capacity  is  the  volume  of  gas 
that  can  be  maximally  expired  following  a  maximal  inspi- 


ration to  total  lung  capacity.  Crying  vital  capacity  is  a  test 
of  vital  capacity  in  children  who  cannot  cooperate  for  even 
a  minimal  voluntary  vital  capacity  effort.  Crying  is  induced 
in  the  infant,  and  the  presumption  is  that  a  reflex  inspiration 
to  total  lung  capacity  occurs,  which  can  be  measured. 

2-D  echocardiography:  the  use  of  ultrasonic  waves  to  cre- 
ate an  image  of  the  heart  and  central  vessels.  Such  images  are 
obtained  by  steering  the  transducer  crystal  to  create  a  pie- 
wedge-shaped  image  of  the  heart.  Various  portions  of  the  heart 
are  then  viewed  relati\e  to  each  other  in  that  plane,  provid- 
ing precise  anatomic  definition. 

ectopy:  an  inappropriately  timed,  initiated,  or  conducted  heart 
contraction  or  series  of  contractions,  which  may  be  initiated 
in  the  atria  or  ventricles. 

extracorporeal  membrane  oxygenation  (ECMO):  ECMO 

is  life-support  technology  designed  to  provide  near-total  res- 
piratory gas  exchange  and  circulation.  ECMO  may  he  either 
venoarterial  or  venovenous.  In  both  forms  of  ECMO.  blood 
is  removed  from  the  patient,  oxygen  and  carbon  dioxide 
exchanged  across  an  artificial  membrane.  The  blood  is  then 
warmed  and  then  returned  to  the  patient. 

Glasgow  Coma  Scale  (GCS)  score:  assigns  scores  for  clin- 
ical findings  that  can  develop  following  head  trauma  and/or 
brain  injury.  The  assessment  categories  include  eye  opening, 
motor  response,  and  verbal  response  to  different  degrees  of 
stimulation.  The  scale  ranges  from  3  (no  neurologic  responses) 
to  15  (normal  responses).  GCS  scores  have  been  extensively 
correlated  with  survival  and  impairment. 

left-ventricular  end-diastolic  pressure:  the  pressure  mea- 
sured in  the  left  ventricle  during  diastole.  In  the  absence  of 
mitral-valve  disease,  this  value  is  approximated  by  the  pul- 
monary artery  wedge  pressure. 

pulmonary  artery  wedge  pressure:  Ttiis  pressure  is  obtained 
from  a  balloon-tipped  pulmonary  artery  catheter.  Inflation  of 
the  balloon  causes  migration  of  the  tip  until  the  balloon  wedges 
into  a  smaller  arterial  branch.  The  pressure  measured  is  an  esti- 
mate of  the  left  atrial  pressure. 

ST-segment  depression:  Depression  of  the  ST-segment  on 
an  electrocardiogram  is  an  indication  of  myocardial  ischemia. 

venoarterial  ECMO:  refers  to  an  ECMO  circuit  by  which 
blood  is  removed  from  the  right  atrium  via  a  cannula  in  the 
internal  jugular  vein  and  is  returned  into  the  aortic  arch  \'ia 
a  cannula  placed  in  the  carotid  artery. 
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Textbook  ofBroncht)scop_v.  edited  by  .SH 
Feinsiheraiid  AM  Fein.  H;iidc(i\er.  illus- 
Iraled.  5M)  pages.  Baltimore:  Williams  and 
Wilkins.  1993.  SI 25. 

The  Textbook  of  Bronchoscopy  joins 
a  recently  expanding  tlekl  of  bronchoscopy 
books  ihiit  span  a  range  of  purposes.  On  the 
one  hand,  readers  interested  in  bronchoscopy 
can  now  find  relatively  short  atlases  of  nor- 
mal and  abnormal  hronchoscopic  findings 
and,  on  the  other,  exhaustive  texts  about  the 
technique  of  bronchoscopy,  related  equip- 
ment, and  the  diagnostic  value  of  bron- 
choscopN .  Within  this  spectrum  of  books. 
Textbook  of  Bronchoscopy  contributes  a 
comprehensive  text  that  addresses  practical 
aspects  of  bronchoscopy  such  as  techniques 
with  the  flexible  fiberoptic  bronchoscope  (eg. 
bronchoaheolar  la\  age.  transbronchial  nee- 
dle aspiration,  and  transbronchial  biopsy); 
diseases  for  which  bronchoscopy  is  fre- 
quently performed:  and  complementary  or 
alternative  procedures  including  rigid  bron- 
choscopy, medical  thoracoscopy,  and  non- 
bronchoscopic  lung  lavage. 

Edited  by  two  recognized  authorities  on 
bronchoscopy,  the  book  is  multi-authored 
with  contiibutions  froin  many  highly  regaided 
experts.  Tlie  book  is  orgaiii/.ed  into  4  sections 
that  incluile  .^."^  separate  chapters  written  by 
59  ciintributors.  These  sections  are: 

•  Technical  aspects  of  fiberoptic  bron- 
choscopy (consisting  of  1 2  chapters  ad- 
dressing indications  and  contraindica- 
tions for  bronchoscopy,  preparing 
patients  for  flexible  fiberoptic  bron- 
choscopy, eqinpment  and  its  handling, 
and  asjiects  ol'  training). 


•  Diagnostic  problems  (consisting  of  10 
chapters  rev  iewing  specific  diseases  for 
which  bronchoscopy  is  commonly  per- 
formed and  issues  specifically  related 
to  the  role  of  bronchoscopy  in  diagnosis 
and  manageinent). 

•  Therapeutic  bronchoscopy  (consisting 
of  4  chapters  that  discuss  therapeutic 
applications,  including  foreign  body  re- 
mo\  al.  laser,  stem  placement,  and  endo- 
bronchial irradiation). 

•  Related  techniques  (consisting  of  7 
chapters  reviewing  other  chest  proce- 
dures, two  of  which  are  occasional  al- 
ternatives to  flexible  fiberoptic  bron- 
choscopy [nonbronchoscopic  lavage  and 
rigid  bronchoscopy]). 

Overall,  the  organization  of  the  book  is 
logical  and  the  chapters  are  complete, 
authoritatively  referenced,  and  well-illus- 
trated. For  example,  the  chapter  "Care  and 
Maintenance  of  the  Flexible  Bronchoscopy" 
by  Drs  Lee  and  Melita  pro\  ides  photographs 
depicting  a  number  of  damaged  broncho- 
scopes that  nicely  instruct  about  the  haz- 
ards of  mishandling  these  instruments.  The 
chapter  "Hemoptysis"  by  Drs  Lippman  ami 
Higgins  includes  a  number  of  heiptul  ta- 
bles, with  several  that  present  exhaustive 
summaries  of  relevant  literature.  .Also,  the 
chapter  entitled  ".Atlas  and  Basic  Tech- 
nique" by  Drs  Kitamura  and  Kobayashi 
contains  8  full-page  color  plates  (with  .^2 
individual  photographs)  depicting  normal 
endobronchial  anatomy  and  2.3  additional 
black-and-white  photographs  depicting  ab- 
normal endobronchial  findinus  such  as  var- 


ious neoplasms,  granulomatous  and  infil- 
trative ainvay  lesions,  and  tracheoiiathia  os- 
teoplastica.  This  reader's  preference  to  see 
all  color  photographs  tnust  be  tempered  by 
the  realities  of  expense  and  price  and  the 
editors'  purpose  to  "go  beyond  several  of 
the  available  atlases  of  bronchoscopy  to  pro- 
duce a  comprehensive  text  encompassing 
all  aspects  of  procedure."  This  book  clear- 
ly succeeds  in  this  goal  and  is  an  author- 
itative  text  about  bronchoscopy. 

.As  discussetl  by  Dr  Bone  in  the  foreword 
and  the  editors  in  the  preface,  the  intend- 
ed target  audience  for  this  book  is  "students 
and  practitioners  of  chest  medicine."  While 
this  audience  ccrlainh  includes  rcspirato- 
17  care  practitioners.  RCPs  involved  with 
flexible  fiberoptic  broncho.scopy  are  like- 
ly to  have  the  greatest  interest  in  the  first  2 
sections  of  the  book  ("Technical  Aspects" 
and  "Diagnoslic  Problems")  and  to  seek  in- 
formation in  sections  3  ("Therapeutic  Bron- 
choscopy") and  4  ("Related  Techniques") 
for  occasional  reference. 

Overall.  Textbook  of  Bronchoscopy  of- 
fers a  comprehensive  review  of  llexible 
fiberoptic  bronchoscopy  and  related  hron- 
choscopic techniques  that  will  be  a  valuable 
resource  for  every  bronchoscopy  suite.  Res- 
piratory care  practitioners  who  practice  in 
;in  intensiv  e  c;ire  unit  or  vv  ho  assist  with  bron- 
choscopy will  find  this  book  offers  much- 
needed  information  and  much  more. 


.lames  K  Stoller  .MD 

Head.  Section  of  Respiratory  Therapy 

Pulmonary /Critical  Care  Medicine 

Cleveland  Clinic  Foundation 

Cleveland.  Ohio 
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Historical  Notes,  RESPIRATORY  CARE.  I  lO.W  Abies  Lane.  Dallas  TX  7.'5229-4.'i93.  Identity  source  of  material  and 
include  vour  name,  credentials,  and  address. 


Historical  Notes 


Effective  Inhalation  Therapy:  Generalized  Obstruction 


Generalized  ohslmclittn  is  alway.s  inconipiele,  since  com- 
plete obstruction  of  all  the  hronchi  is  not  liuind  in  the  living 
patient.  In  such  generali/ed  disease  there  is  more  interference 
in  the  small  bronchi  than  in  the  major  bronchi  and  trachea. 
This  is  because  the  causative  factor  is  a  swelling  or  inflam- 
mation of  the  bronchial  mucosa,  accompanied  by  more  or  less 
mucus  secretion  w  hich  is  generally  rather  tenacious.  Since 
the  difference  in  size  of  the  bronchi  is  much  greater  than  the 
difference  in  the  amount  ttf  secretion  or  swelling  of  the  lin- 
ing, it  is  clear  that  the  same  amount  of  interference  with  the 
lumen  may  cause  complete  obstruction  in  the  bronchiole  and 
very  little  obstruction  in  the  major  bronchus.  Furthermore, 
because  of  the  mechanism  of  nanowing  and  shortening  of  the 
bronchus  on  expiration,  the  obstruction  is  greatest  in  the  expi- 
ratory phase. 

Generalized  obstruction  is  most  commonly  found  in  asthma, 
tracheo-bronchitis.  or  traumatic  bronchitis  associated  with  the 
inhalation  of  smoke  or  initating  gases.  In  all  of  these  conditions 
the  uillammatoi^  reaction  will  vary  with  the  degree  of  sever- 
ity of  the  disease.  The  obstruction  thus  produced  may  cause 
changes  which  will  vary  from  a  wheezing  on  expiration  to 
almost  complete  interference  of  the  passage  of  air.  The  symp- 
toms are  primarily  those  of  interference  with  ventilation.  The 
earliest  and  greatest  interference  is  in  the  cxpiratoi^  phase  for 
the  reasons  mentioned  above.  Consequently,  the  eailiest  symp- 
tom is  an  expiratory  wheeze.  This  is  soon  followed  by  a  rapid 
shallow  respiration,  dyspnea,  difficulty  on  inspiration  and  all 
the  symptoms  of  acute  asphyxia. 

Although  it  is  necessary  to  treat  the  underlying  condition 
if  one  is  to  eliminate  the  bronchial  obstmction,  it  is  Just  as  nec- 
essary to  treat  the  difficulty  in  \  entilatit)n  and  the  anoxia.  For 
this,  inhalation  of  oxygen  in  percentages  of  50  per  cent  and 


From  Effective  Inli.ilutiiin  Therapy,  written  hy  tidwln  R  Levine  MD  in 
cooperation  with  Alvan  L  Barach  MD.  J  Winthrop  Peabody  MD,  and 
Maurice  Segal  MD,  and  published  in  1953  by  the  National  Cylinder  Gas 
Co  of  Chicago.  Dr  Levine.  an  anesthesiologist,  was  an  early  champion  of 
our  profession  and  President  of  the  American  Association  for  Inhalation 
Therapy  in  19.^2  (the  only  physician  in  the  Association's  history  to  so 
serve).  The  other  authors  were  also  pioneers  m  piiliiionary  medicine  and 
inhalation  therapy. 

This  excerpt  was  made  available  to  RespIR.'XTORV  Care  by  Teri  Nikolai 
Wilson  RRT  RPFT.  The  Children's  Medical  Center,  Dayton.  Ohio. 


Treatment  of  generalizeid  incomplete  broncfiial  obstruction  is  di- 
rectetj  at  freeing  the  airway,  removing  possible  infection,  and 
maintaining  an  adequate  oxygen  level  in  the  alveoli  while  this  is 
taking  place. 


higher  should  be  used.  If  the  obstruction  is  not  too  severe,  this 
increase  in  percentage  will  rai.se  the  per  cent  of  alveolar  oxy- 
gen to  give  adequate  saturation  of  the  hemoglobin.  This  will 
cause  a  slower  and  easier  respiration  and  frequently  by  this 
means  alone  alleviate  a  great  deal  of  the  obstruction  of  the 
small  bronchi. 

However,  if  the  obstruction  is  more  severe  as  evidenced 
by  much  wheezing  and  dyspnea,  it  is  advisable  to  take  advan- 
tage of  the  benefits  of  positive  pressure  breathing  and  fre- 
quently of  helium  and  oxygen  combinations.  Positive  pres- 
sure on  expiration,  accomplished  by  the  use  of  the  positive 
pressure  mask,  will  act  to  prevent  the  complete  closure  of 
the  small  bronchi  and  thus  maintain  the  airway  for  the  fol- 
lowing inspiration.  By  this  means  and  also  by  the  reason  of 
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increased  intra-alveolar  pressure,  the  mechanism  producing 
pulmonary  edema  is  reversed,  and  thus  may  be  eliminated. 
The  procedure  for  proper  use  of  the  positive  pressure  mask 
should  be  followed  with  great  care  if  the  proper  result  is  to 
be  obtained.  Where  there  is  a  great  deal  of  difficulty  in  inspi- 
ration, some  help  may  be  given  by  the  use  of  apparatuses 
which  provide  positive  pressure  inspiration.  This  will  decrease 
the  amount  of  work  necessary  to  cause  air  to  enter  the 
markedly  diminished  spaces  which  lead  to  the  alveoli. 

In  any  case  where  the  obstruction  is  marked  and  the  dis- 
comfort of  the  patient  very  great,  one  should  not  use  the  above 
methods  alone  for  very  long  unless  a  definite  improvement 
is  noticed.  If  such  improv  ement  does  not  occur  rapidly  or  if 
the  severity  of  symptoms  is  sufficient,  helium  and  oxygen  mix- 
tures should  be  used  instead  of  oxygen  alone.  This  mixture 
by  reason  of  its  lighter  mass  will  be  enabled  to  pass  through 
the  narrowed  spaces  and  cairy  a  larger  volume  of  gas  into  the 
alveoli  than  is  possible  with  air  or  oxygen  alone.  However, 
these  patients  are  suffering  from  severe  oxygen  deficiencies. 
Therefore,  as  high  a  concentration  of  oxygen  as  is  feasible 
under  the  circumstances  should  be  used.  This  should  never 
be  less  than  30  per  cent  and  in  many  cases  40  to  50  per  cent 
of  oxygen,  with  the  remainder  of  the  gas  helium.  Again  it  is 
necessary  to  emphasi/e  that  helium  and  oxygen  mixtures  can 
only  be  given  with  a  properly  tilting  mask  or  hood  and  should 
not  be  used  in  adults  with  any  other  type  of  apparatus. 

Because  infection  is  so  often  present  in  generalized  bronch- 
ial obstruction,  it  is  not  incorrect  to  say  that  the  inhalation 
of  aerosol  penicillin  or  other  antibiotics,  using  adequate  neb- 
ulizing equipment,  should  be  a  regular  part  of  the  treatment. 
In  a  areat  manv  cases  the  use  of  broncho-dilator  druss  bv 


this  means  or  by  other  modes  of  administration  is  of  tremen- 
dous value. 

Here  as  in  all  generalized  bronchial  irritations  it  is  of 
paramount  importance,  indeed  in  some  cases  actually  a  life 
saving  matter,  that  the  inspired  gas  be  properly  humidified. 
It  is  desirable  that  this  gas  have  not  less  than  100  per  cent 
relative  humidity.  This  can  only  be  obtained  with  a  proper 
humidifying  apparatus,  and  the  nebulizer  type  is  recom- 
mended. In  fact  with  a  proper  large  volume  nebulizer,  oxy- 
gen, antibiotics,  broncho  dilators,  and  water  vapor  can  be 
introduced  simultaneously. 

These  conditions,  with  the  occasional  exception  of  bronchial 
asthma,  improve  slowly.  The  improvement  of  the  patients 
symptoms  may  be  much  more  rapid  than  the  actual  change 
in  the  pathology.  It  is  a  common  mistake  to  stop  inhalatit)n 
therapy  too  early  in  the  belief  that  the  patient  is  getting  an  ade- 
quate amount  of  oxygen  by  his  unassisted  respiration.  It  is  much 
better  to  continue  this  therapy  with  a  gradually  tapering  off 
prcx.ess  when  ti:e  patliology  is  entirely  or  almost  entirely  cleared 
up.  A  common  fallacy  is  that  if  a  patient  receives  oxygen  his 
breathing  will  be  more  shallow  and  that  therefore  bronchial 
obstruction  and  atelectasis  may  occur  more  easily.  Tliis  is  not 
so.  The  dyspneic  patient  has  a  tendency  to  breathe  rapidly  but 
the  respirations  are  shallow.  This  is  particularly  true  in  gen- 
eralized bronchial  obstruction,  since  the  effort  of  breathing 
causes  bronchial  spasm  and  interferes  with  ventilation.  The 
relaxed  type  of  breathing  that  is  associated  with  oxygen  ther- 
apy will  not  only  turnish  adequate  oxygen  and  protect  the 
patient  from  fatigue  but,  because  of  its  ease,  tends  to  main- 
tain an  adequate  airway  and  guarantees  more  uniform  aera- 
tion of  the  luna. 


Understand. 

Adapt. 

Prosper! 
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MEI^OfccH 


For  VOLUNTARY  reporting 

hy  health  professionals  of  adverse 

events  and  product  problems 


FDA  Use  Only  (RESP  CARE) 


B.  Adverse  event  or  product  problem 


2    Outcomes  attributed  to  adverse  event       , — , 

(check  all  that  apply)  U  disability 

I     I  congenita!  anomaly 
ri  1^  required  intervention  to  prevent 


I     I   Adverse  event 


[     [  Product  problem  le  g  ,  detects/malfunctions) 


□  death 


I     I  life-threatening  permanent  impairment/damage 

I     I  hospitalization  -  initial  or  prolonged        Q  other 


3  Date  of 
event 


4  Date  of 
this  report 


5    Describe  event  or  problem 


6    Relevant  tests/laboratory  data,  including  dales 


Other  relevant  history,  including  preexisting  medical  conditions  (e  g  .  allergies, 
race,  pregnancy,  smoking  and  alcohol  use,  hepatic/renal  dysfunction,  etc  ) 


Mail  to:     ,\tl  dWa  UH  or  FAX  to: 

5600  Fishers  Lane  1-800-FDA-0178 

Rockville.  MD  20852-9787 


of 


Triage  unit 
sequence  " 


C.  Suspect  medication(s) 


1     Name  (give  labeled  strength  &  mtr'labeler  if  known) 
#1 


#2 


2    Dose,  frequency  &  route  used 

#1 

s2 


3    Therapy  dates  (if  unknown,  give  duration) 

li.im'lo  loi  besi  eslitnalel 
#1 


«2 


4    Diagnosis  for  use  (indication) 
#1 


#2 


6    Lot  #  (if  known) 
#f 


«2 


7    Exp.  date  (if  known) 
#1 

#2 


9    NDC  #  (tor  product  problems  only) 


5    Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  D no    n^g^Py"' 


#2  Dyes  n  no    D^ggPy"'' 


8    Event  reappeared  after 
reintroduction 

#1  Dyes  Dno    Dgg^fy"" 


:  Dyes  D  no   ng^^fy"'' 


10    Concomitant  medical  products  and  Iheiapy  dates  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


1     Brand  name 


Type  of  device 


3    Manufacturer  name  &  address 


6 
model  # 


catalog  # 

serial  # 

lots  


other  # 


4    Operator  of  device 

I     I  health  professional 
I     I  lay  user/patient 
I     I  other: 


5     Expiration  date 


7    If  implanted,  give  date 

(mo/dsy/yd 


8     If  explanted.  give  date 

(mo'day.'yi) 


9    Device  available  for  evaluation?  (Do  not  send  to  FDA) 

I     I    yes  d]  no  Q   returned  to  manufacturer  on    __ 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.   Reporter  (see  confidentiality  section  on  back) 


1      Name  &  address 


phone  # 


2    Health  professional? 

□   yes       □    no 


Occupation 


If  you  do  NOT  want  your  identity  disclosed  to    

the  manufacturer,  place  an  "  X  "  in  this  box.      LJ 


4    Also  reported  to 

I     I      mariuiac!u:er 
I     I      user  'acility 
I     I      di!-,trtbutor 


FDA  Form  3500  (6/93)  Submission  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
Is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 

Important  numbers: 

•  1-800-FDA-0178    to  FAX  report 

•  1-800-FDA-7737    to  report  by  modem 

•  1-800-FDA-1088    to  report  by  phone  or  for 

more  information 
•1-800-822-7967     for  a  VAERS  form 
for  vaccines 

If  your  report  involves  a  serious  adverse 
event  with  a  device  and  it  occurred  m  a  facility  out- 
side a  doctor's  office,  that  facility  may  be  legally  required 
to  report  to  FDA  and/or  the  manufacturer.   Please  notify 
the  person  in  that  facility  who  would  handle  such  reporting. 

Confidentiality:  The  patient's  identity  is  held  in  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity,  including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.   However,  FDA  will  not  disclose  the 
reporter's  identity  m  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  for  this  collection  of  information 
has  been  estimated  to  average  30  minutes  per  response, 
mcluding  the  time  lor  reviewmg  instructions,  searching  exist- 
mg  data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  collection  ot  information 
Send  your  comments  regarding  this  burden  estimate  or  any 
other  aspect  of  this  collection  ol  information,  including  sug- 
gestions lor  reducing  this  burden  to: 


Reports  Clearance  Officer,  PHS 
Hubert  H.  Humphrey  Building. 
Room  721 -B 

200  Independence  Avenue,  S.W. 
Washington.  DC   20201 
ATTN    PRA 


and  to: 

Office  of  fUtanagement  and 

Budget 

Paperwork  Reduction  Project 

(0910-0291) 

Washington,  DC  20503 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 


us  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES 
Public  Heattti  Service  •  Food  and  Drug  Administration 


FDA  Form  3500-back 


Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mail 


Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville,  MD  20857 

Official  Business 

Penalty  for  Private  Use  $300 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL    PERMIT  NO,  946    ROCKVILLE,  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 


M 


F[^\X^TCH 


The  FDA  Medical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville,  MD  20852-9787 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 

OR  APOFPO 


l,,l,lllii,l.iliilili.ilillili.liMllHM.l,l<llill 


Notices 


Notices  of  compctilions.  scholarships,  fellowships,  examination  dates,  new  cducalional  programs,  and  the  like  \m11  be  listed  here  free  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  da>  s  before  the  desired  month  of  publication  (Januar>'  I  for  the  March  issue. 
February  I  for  the  April  issue,  etc).  Include  all  pertinent  information  and  mail  notices  to  RFSPIRATORY  CARE  Notices  Depl.  1 10.^0  Abies 
Lane.  Dallas  TX  75229-459.1. 


3he  National  Honor  Society  jor 


$ 


^j>ta  ^octety 

the  'Profession  of  Xespirotory  Cure 


For  information  about  the  Lambda  Beta  Society — the  National  Honor  Society  for  the 
Profession  of  Respiratory  Care,  contact  the  Society  Office  at  1701  W  Euless  Bl\il.  Suite 
200.  Euless  TX  76040,  (817)283-4269. 


Call  for  Abstracts 
1996  Respiratory  Care  Open  Forum 

Deadline:  April  28.  1996 

Accepted  abstracts  will  be  printed  in  the 
October  1996  issue  of  Respiratory  Care 

Selected  authors  will  present 

their  research  at  the  Open  Forum  during  the 

AARC  42"^'  International  Convention 

&  Exhibition  in 

San  Diego,  California 

November  3-6,  1996 


The  National  Board  for 
Respiratory  Care 

8310  Niemann  Road 
LenexaKS  66214 

For  information  about 
1996  E.vamination  &  Fee  Schedule 

call(913)  59^-4200 
or  F.4X  (913)  541-0156 


Vincent  Kracuni.  6S.  died  of  pneumonia  February  3. 
1996  at  Scoltsdale  Memorial  Hospital  in  Scottsdale. 
Arizona.  Kracum  began  his  career  in  respiratory  therapy  in 
1946  as  a  Navy  technician  in  "oxygen  therapy." 
Throughout  his  life  he  contributed  to  the  profession  by 
pla\  ing  a  part  in  the  formation  of  72  hospital  departments 
for  respirator)  care  in  the  U.S.  and  Canada  and  by  serving 
on  the  National  Board  for  Respiratory  Care,  the  .-Xmerican 
Association  for  Respiratory  Care's  Nominating 
Committee  and  Board.  He  was  awarded  the  Greater  New 
York  Affiliate's  Golden  Tree  of  Life  Award  in  1973. 
Memorials  may  be  made  to  the  Arizona  Lung  .Association, 
the  American  Heart  Association,  or  the  American 
Respiratory  Care  FouiKlation. 

Bill  E  Morrison,  dl.  who  became  registered  Respirators 
Therapist  Number  60  in  1962  and  who  served  the  profes- 
sion, the  American  Association  for  Respiratory  Care,  and 
the  American  Respiratory  Care  Foundation  in  many  ways, 
died  February  12,  1996  at  his  home  in  Lebanon,  Missouri. 
Memorial  contributions  mav  be  made  to  the  American 


Respiratory  Care  Foundation.   11030  Abies  Lane,  Dallas 
TX  75229. 

Ernst  Trier  Miirch.  an  inventor,  anesthesiologist,  and  a 
member  o\  the  Danish  resistance  during  World  War  IL  died 
January  13,  1996  in  New  York.  He  was  87  years  old. 

While  in  Denmark  during  the  German  occupation. 
.Morch  used  a  sewer  pipe  attached  to  a  piston  and  motor  to 
invent  the  Miirch  Piston  Respirator — the  forerunner  of  mod- 
ern ventilators.  Senior  respiratory  care  practitioners  may  be 
familiar  with  the  Morch  I  Ventilator,  Miirch  II  'Surgical' 
Ventilator,  or  the  Miirch  III  "Piston'  Ventilator.  His  inven- 
tiveness was  further  used  to  aid  in  the  Danish  resistance, 
credited  for  saving  all  but  500  of  the  country's  7,000  Jews. 
When  the  Gestapo  used  bloodhounds  to  sniff  out  hiding 
Jews.  Miirch  and  a  pharmacist  mixed  dried  rabbit's  blood 
and  cocaine  to  effectively  detour  the  dogs. 

In  1949.  Miirch  came  to  the  L'nited  States  working  first 
in  Washington  and  then  Chicago.  (Source:  Washington 
Post.  January  20,  1996.)  (Courtesy:  Harry  Kirshenbaum 
MEd  RRT,  El  Paso,  Texas.) 
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1996  Call  for  Abstracts 


Respiratory  Care  •  Open  Forum 


The  American  Association  for  Respiratory  Care  and  its  sci- 
ence journal.  Respiratory  Care,  invite  submission  of  brief 
abstracts  related  to  any  aspect  of  cardiorespiratory  care.  The 
abstracts  will  be  reviewed,  and  selected  authors  will  be  in- 
vited to  present  posters  at  the  OPEN  FORUM  during  the  AARC 
International  Convention  &  Exhibition  in  San  Diego,  Cali- 
fornia, November  3-6,  1996.  Accepted  abstracts  will  be  pub- 
lished in  the  October  1996  issue  of  RESPIRATORY  Care.  Mem- 
bership in  the  AARC  is  not  required  for  participation. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  ma\  report  ( 1 )  an  original  study.  (2)  the  eval- 
uation of  a  method  or  device,  or  (3)  a  case  or  case  series. 

Topics  may  be  aspects  of  adult  acute  care,  continuing  care/re- 
habilitation, perinatology/pediatrics,  cardiopulmonary  tech- 
nology, or  health-care  delivery.  The  abstract  may  have  been 
presented  previously  at  a  local  or  regional — but  not  nation- 
al— meeting  and  should  not  have  been  published  previous- 
ly in  a  national  jounial.  The  abstract  will  be  the  only  evidence 
by  which  the  reviewers  can  decide  whether  the  author  should 
be  invited  to  present  a  poster  at  the  OPEN  FORUM.  Therefore, 
the  abstract  must  provide  all  important  data,  findings,  and 
conclusions.  Give  specific  infoirnation.  Do  not  write  such  gen- 
eral statements  as  "Results  will  be  presented"  or  "Significance 
will  be  discussed." 

Essential  Content  Elements 

Original  study.  Abstract  must  include  ( 1 )  Background; 
statement  of  research  problem,  question,  or  hypothesis;  (2) 
Method:  description  of  research  design  and  conduct  in  suf- 
ficient detail  to  pennit  judgment  of  validity;  (3)  Results;  state- 
ment of  research  findings  with  quantitative  data  and  statis- 
tical analysis;  (4)  Conclusions;  interpretation  of  the  meaning 
of  the  results. 

Method/device  evaluation.  Abstract  must  include  ( 1 )  Back- 
ground; identification  of  the  method  or  device  and  its  intended 
function;  (2)  Method;  description  of  the  evaluation  in  suffi- 
cient detail  to  permit  judgment  of  its  objectivity  and  valid- 
ity; (3)  Results;  findings  of  the  evaluation;  (4)  Experience; 
summai7  of  the  author's  practical  experience  or  a  lack  of  ex- 
perience; (5)  Conclusions;  interpretation  of  the  evaluation  and 
experience.  Cost  compari.sons  should  be  included  where  pos- 
sible and  appropriate. 

Case  report.  Abstract  must  report  a  case  that  is  uncom- 
mon or  of  exceptional  educational  value  and  must  include  (1) 
Introduction;  Relevant  basic  information  important  to  under- 
standing the  ca.se.  (2)  Ca.se  Summary;  Patient  data  and  response, 
details  of  interventions.  (3)  Discussion;  Content  should  re- 
flect results  of  literature  review.  The  author(s)  should  have 
been  actively  involved  in  the  case  and  a  case-managing  physi- 
cian must  be  a  co-author  or  must  approve  the  report. 


Abstract  Format  and  Typing  Instructions 

Accepted  abstracts  will  be  photographed.  The  first  line  of 
the  abstract  should  be  the  title  in  all  capital  letters.  Title  should 
explain  content.  Follow  title  with  names  of  all  authors  (in- 
cluding credentials),  institution! s).  and  location.  Underline 
presenter's  name.  Type  or  electronically  print  the  abstract  sin- 
gle spaced  in  the  space  provided  on  the  abstract  blank.  In- 
sert only  one  letter  space  between  sentences.  Text  submis- 
sion on  diskette  is  encouraged  but  must  be  accompanied  by 
a  hard  copy.  Identifiers  will  be  masked  (blinded)  for  review. 
Make  the  abstract  all  one  paragraph.  Data  may  be  submitted 
in  table  form.  aiuJ  simple  figures  may  he  included  provided 
they  fit  within  the  space  allotted.  No  figures,  illustrations,  or 
tables  are  to  be  attached  to  the  abstract  form.  Provide  all  au- 
thor information  requested  at  the  bottom  of  abstract  form.  A 
clear  photocopy  of  the  abstract  fomi  may  be  used.  Standard 
abbreviations  may  be  employed  without  explanation.  A  new 
or  infrequently  used  abbreviation  should  be  preceded  by  the 
spelled-out  term  the  first  time  it  is  used.  Any  recurring  phrase 
or  expression  may  be  abbreviated,  if  it  is  first  explained.  Check 
the  abstract  for  ( 1 )  errors  in  spelling,  grammar,  facts,  and  fig- 
ures; (2)  clarity  of  language;  and  (3)  conformance  to  these 
specifications.  An  abstract  not  prepared  as  requested  may  not 
be  reviewed.  Questions  about  absuact  preparation  may  be  tele- 
phoned to  the  editorial  staff  of  RESPIRATORY  CARE  at  (214) 
243-2272. 

Deadline  Allowing  Revision 

Authors  may  choose  to  submit  abstracts  early.  Abstracts 
postmarked  by  February  1 1 ,  1996  will  be  reviewed  and  the 
authors  notified  by  letter  only  to  be  mailed  by  March  22, 
1996.  Rejected  abstracts  will  be  accompanied  by  a  written 
critique  that  should,  in  many  cases,  enable  authors  to  revise 
their  abstracts  and  resubmit  them  by  the  final  deadline  (April 
28,  1996). 

Final  Deadline 

The  mandatory  Final  Deadline  is  April  28  (postmark).  Au- 
thors will  be  notified  of  acceptance  or  rejection  by  letter  only. 
These  letters  will  be  mailed  by  July  15.  1996. 

Mailing  Instructions 

Mail  (Do  not  fax!)  2  clear  copies  of  the  completed  abstract 
form,  diskette  (if  possible),  and  a  stamped,  self-addressed  post- 
card (for  notice  of  receipt)  to; 
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11030  Abies  Lane 

Dallas  TX  75229-4593 
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1996  Respiratory  Care  Open  Forum 

Abstract  Form 


13.9  cm  or  5.5" 


1 .  Title  must  be  in  all 
uppercase  (capital I 
letters,  authors"  full 
names  and  te.xt  in 
upper  and  lower  case. 

2.  Follow  title  with  all 
authors'  names 
including  credentials 
(underline  presenter's 
name),  institution,  and 
location. 

.\  Do  not  Justify  (ie. 
lea\e  a  "ragged"  right 
margin). 

4.  Do  not  u.se  type  size 
less  than  10  points. 

5.  All  text,  tables,  and 
figures  must  lit  into 
the  rectangle  shown. 

6.  .Submit  2  clean  copies. 
This  fomi  may  be 
photocopied  if 
multiple  abstracts  are 
to  be  submitted. 


Mail  original  & 
I  photocopy 
(along  with  postage- 
paid  postcard)  to 

Ki;.SPIR.VTORV  C.\RK 

Open  Forum 

11030  Abies  Lane 
Dallas  TX  75229-4593 


Early  deadline  is 

February  n.  1996 

i  postmark) 

Final  deadline  is 

Aprils.  1996 

(postmark) 


Name  &  Credentials 


Mailing  Address 


Voice  Phone  &  Fax 


Name  &  Credentials 


Mailing  Address 


Voice  Phone  &  Fax 


News  releases  about  new  products  and  services  will  be  considered  for  publication  in  this  section.  There  is  no  charge  for 
these  listings.  Send  descriptive  release  and  glossy  black  and  white  photographs  to  RESPIRATORY  Care  Journal.  New 
Products  and  Services  Dept.  1  lO.W  Abies  Lane.  Dallas  T.\  75229-4593. 


New  Products 
&  Services 


Monitoring  System.  Nellcor  Puri- 
tan Bennett  releases  the  Nellcor  Sym- 
phony'^' Monitoring  System.  Accoid- 
ing  to  the  manufacturer,  the  monitoring 

system  is  cost  effective,  flexible,  and  eiisy 
to  use  becau.se  it  is  a  modular  system  ll:at 
lets  practitioners  'mix  and  match"  mon- 
itors according  to  clinical  needs  luid  bud- 
get constraints.  The  first  components  of 
the  system  are  the  N-3000  pulse  oxime- 
ter and  the  N-.^lOO  noninvasive  blood 
pressure  monitor — both  serve  as  com- 
pact stand-alone  monitors  and  work  to- 
gether for  a  conibinatioii  of  S 


p(> 


and 


NIBP  monitonng.  Communication  links 
between  the  2  monitors  prevents  a  nui- 
sance alarni.  To  leiun  more  about  the  sys- 
tem, contact  Nellcor  Puritan  Bennett, 
Dept  RC,  4280  Hacienda  Drive,  Pleasan- 
ton  CA  94388.  or  call  (800)  NELLCOR. 
Please  mention  Re.SPIRATORY  Carb. 


many  features  include  real  time,  high- 
resolution  graphic  display,  tlow-volume 
loops,  pre-  and  postbronchodilator  com- 
parisons, full  interpretation,  lung  age  es- 
timation, and  a  200  patient-test  mem- 
017.  The  MicroLoop  II.  according  to  the 
manufacturer,  can  be  used  as  a  stand 
alone  spirometer,  downloaded  to  a  PC 
for  storage  and  printouts,  or  used  as  a 
PC-based  spirometer  with  the  optional 
MediBase^^'  software.  For  details,  call 
(800)  588-3381  and  mention  RESPI- 
RATORY Care. 


NJ  07630,  or  call  (201 )  967-5660.  Don't 
forcet  to  mention  RE.SPIRATORY  Care. 


Hand-Hfxd  Spirometer.  Micro  Di- 
rect Inc  releases  the  new  MicroLoop  II 
hand-held  spirometer.  The  spirometer's 


Continuous  Gas  Detector.  CEA 

Institiments  Inc  inUoduces  the  new ly  im- 
proved MD-16.  a  compact,  continuous 
single  gas  detector.  According  to  CEA 
Instruments,  the  MD-16  is  a  continuous 
detector  for  toxic  gases  and  oxygen.  Sin- 
gle units  aie  available  for  monitoring  car- 
bon monoxide,  chlorine,  hydrogen,  hy- 
drogen chloride,  hydrogen  cyanide,  hy- 
drogen sulfide,  nitric  oxide,  nitrogen 
dioxide,  oxygen,  c>r  sulfur  dioxide  gases. 
Tlie  unit  mounts  to  the  wall  and  displays 
all  normal  information  in  a  green  LED. 
In  addition,  the  unit's  warning  alarm  is 
illuminated  in  yellow;  the  danger  alann 
is  illuminated  in  flashing  red  LED  and 
is  accomp;uiicd  by  an  audible  alann.  Tlie 
alarm  can  be  tested,  silenced,  and  reset 
using  a  remote  switch.  For  more  in- 
fonnation,  write  to  CEA  Instiiiments  Inc, 
Dept  RC.  16  Chestnut  Street,  Emerson 


Ambulatory  EGG  Recorder. 

Brentwood  Medical  Products  offers  a 
new  addition  to  ambulatory  ECG  re- 
corders, the  Brentwood  E-Z  Scan  Dig- 
ital Recorder.  The  solid-state  device  is 
designed  for  24-hour  continuous  Holter 
recording,  claims  the  manufacturer.  In 
addition,  the  recorder  has  a  nonvolatile 
flash  memory  card  that  provides  relia- 
bility and  data  integrity,  an  event  but- 
ton, and  an  LCD  clock.  The  E-Z  Scan 
Recorder  also  supports  3-channel  patient 
receptacles  with  DIN  style  plugs.  Patient 
data  are  loaded  into  a  computer  via  an 
industry  standard  PCMCIA  slot.  Call 
Brentwood  at  (800)  624-8950.  for  more 
details.  Don't  forget  to  mention  RES- 
PIRATORY Care. 


Spirometer  Catalog.  VacuMetrics 
Inc's  VacuMed  Division  has  a  free  1996 
spirometer  catalog  that  contains  de- 
scriptions, photographs  and  prices  for  7 
different  spirometers.  According  to  the 
company,  the  catalog  includes  a  useful 
cross-reference  chart  for  the  comparison 
of  each  spirometer's  features.  For  a  copy 
of  the  catalog,  contact  VacuMed,  Dept 
RC,  4483  McGrath  Street  #102,  Ventura 
CA  93a)3.  (8(X))  235-3333.  Please  men- 
tion Respiratory  Care  when  \  .m  all. 
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General  Information 

Respiratory  Care  welcomes  original  manuscripts  related  to 
respiratory  care  and  prepared  according  to  these  Instructions. 
Manuscripts  are  blinded  and  reviewed  by  professionals  who  are 
experts  in  their  fields.  Authors  are  responsible  for  all  aspects  of 
the  manuscript  and  receive  galleys  to  proofread  before  publica- 
tion. Each  accepted  manuscript  is  copyedited  so  that  its  message 
is  clear  and  it  conforms  to  the  Journal's  style.  Published  papers 
are  copyrighted  by  Daedalus  Inc  and  may  not  be  published  else- 
where without  permission. 

Editorial  consultation  is  available  at  any  stage  of  planning  or  writ- 
ing. On  request,  specific  guidance  is  provided  for  all  publication 
categories.  These  Instructions  and  related  materials  are  available. 
Write  to  Respiratory  Care,  1 1030  Abies  Lane,  Dallas  TX 
75229-4593,  call  (214)  243-2272,  or  fax  (214)  484-6010. 


Publication  Categories  &  Structure 

Research  Article:  A  report  of  an  original  investigation  (a  study). 
It  includes  a  Title  Page,  Abstract,  Introduction,  Methods.  Results, 
Discussion,  Conclusions,  Product  Sources,  Acknowledgments, 
References,  Tables,  Appendices,  Figures,  and  Figure  Captions. 

Evaluation  of  Device/Method/Technique:  A  description  and 
evaluation  of  an  old  or  new  device,  method,  technique,  or  mod- 
ification. It  has  a  Title  Page,  Abstract,  Introduction,  Descrip- 
tion of  Device/Method/Technique,  Evaluation  Methods, 
Evaluation  Results.  Discussion,  Conclusions,  Product  Sources, 
Acknowledgments,  References,  Tables,  Appendices,  Figures, 
and  Figure  Captions. 

Case  Report:  .\  report  of  a  clinical  case  that  is  uncommon,  or 
was  managed  in  a  new  way,  or  is  exceptionally  instructive.  All 
authors  must  be  associated  with  the  case.  A  case-managing 
physician  must  either  be  an  author  or  furnish  a  letter  approving 
the  manuscript.  Its  components  are  Title  Page,  Abstract,  Intro- 
duction, Case  Summary,  Discussion,  References,  Tables, 
Figures,  and  Figure  Captions. 

Review  Article:  .*\  comprehensive,  critical  review  of  the  litera- 
ture and  state-of-the-art  summan.  of  a  pertinent  topic  that  has 
been  the  subject  of  at  least  40  published  research  articles.  Title 
Page,  Outline,  Introduction.  Review  of  the  Literature,  Summary, 
Acknowledgments.  References.  Tables,  Appendices,  and  Figures 
and  Captions  may  be  included. 

Overview:  .\  critical  review  of  a  pertinent  topic  that  has  fewer 
than  40  published  research  articles. 


Update:  A  report  of  subsequent  developments  in  a  topic  that  has 
been  critically  reviewed  in  this  Journal  or  elsew  here. 

Point-of-View  Paper:  A  paper  expressing  personal  but  substan- 
tiated opinions  on  a  pertinent  topic.  Title  Page.  Text,  References, 
Tables,  and  Illuslrations  may  be  included. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  forego- 
ing categories  may  be  acceptable  as  a  Special  Article.  Consult 
with  the  Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  il 
may  present  an  opposing  opinion,  clarify  a  pt)sition,  or  bring  a 
problem  into  focus. 

Letter:  A  signed  communication  about  prior  publications  in  this 
Journal  or  about  other  pertinent  topics.  Tables  and  illustrations 
may  be  included.  Mark  "For  publication." 

Blood  Gas  Corner:  A  brief,  instructive  case  report  involving 
blood-gas  values — with  Questions,  .Answers,  and  Discussion. 

Drug  Capsule:  A  mini-review  paper  about  a  drug  or  class  of 
drugs  that  includes  discussions  of  pharmacology,  pharmacoki- 
netics, and  pharmacotherapy. 

Kittredge's  Corner:  .A  brief  description  of  the  operation  of  res- 
piratory care  equipment — with  information  from  manufacturers 
and  editorial  commcnls  and  suggestions. 

PFT  Corner:  Like  Blood  Gas  Corner,  but  involving  pulmonary 
function  tests. 

Cardiorespiratory  Interactions.  A  case  report  demonstrating 
the  interaction  between  the  cardiovascular  and  respiratory  sys- 
tems. It  should  be  a  palient-carc  scenario;  however,  the  case — the 
central  theme — is  the  systems  interaction.  CRI  is  characterized 
by  figures,  equations,  and  a  glossary.  See  the  March  1996  issue 
of  RFSPIRATOR^'  C.\RE  for  more  detail. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Comer,  but  involv- 
ing pulnionarv  medicine  radiography  and  including  one  or  more 
radiographs,  may  in\ olve  imaging  techniques  other  than  con\en- 
tional  chest  radiography. 

Review  of  Book,  Film,  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release. 


Manuscript  Preparation  Guide 


Preparin);  the  Manuscript 

Print  on  one  side  of  wliile  bond  paper.  iS.5  in.  \  I  1  in.  (216  x  279 
mm)  with  margins  of  at  least  1  in.  (25  mm)  on  all  sides  of  the 
page.  Use  double-spacing  throughout  the  entire  manuscript.  Use 
a  standard  font  (eg.  Times.  Helvetica,  or  Courier)  at  least  10 
points  in  size,  and  do  not  use  italics  except  for  special  emphasis. 
Number  all  pages  in  upper-right  corners.  Indent  paragraphs  5 
spaces.  Do  not  justify.  Do  not  put  authors'  names  or  other  iden- 
tification anywhere  except  on  the  title  page.  Repeat  title  only  (no 
authors)  on  the  abstract  page.  Begin  each  of  the  following  on  a 
new  page:  Title  Page.  Abstract.  Text.  Producl-Sources  List. 
Acknowledgments.  References,  each  Table,  and  each  Appendix. 
Use  standard  English  in  the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction.  Methods.  Results. 
Discussion).  Begin  subheadings  at  the  left  margin  and  type 
them  in  capital  and  small  letters  (eg.  Patients.  Equipment. 
Statistical  Analysis). 

References.  Cite  only  published  works  as  references. 
Manuscripts  accepted  but  not  yet  published  may  be  cited  as  ref- 
erences: designate  the  accepting  journal,  followed  by  (in  press). 
Please  provide  3  copies  of  the  in-press  article  for  reviewer 
inspection.  Cite  references  in  the  text  with  superscript  numerals. 
Assign  numbers  in  the  order  that  references  are  first  cited.  On  the 
reference  page,  list  the  cited  works  in  numerical  order.  Follow 
the  Journal's  style  for  references.  Abbreviate  journal  names  as  in 
Index  Mediciis.  List  all  authors. 

Article  in  a  journal  carrying  pagination  ihroughou)  volume: 

1 .  Rail  JL.  Harwood  RJ.  Comparison  of  nebulizer  delivery  methods 
through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir  Care 
1992:37(11):12.1.V124(). 

Article  in  a  publication  thai  numbers  each  issue  beginning  with 
Page  I: 

2.  Bunch  D.  Establishing  a  national  database  for  home  care.  AARC 
Times  l991;15(Mar):6l.62.64. 

Corporate  author  journal  article: 

3.  American  Association  lor  Respiratory  Care.  Criteria  for  estab- 
lishing units  for  chronic  ventilator-depcndcnl  palients  in  hospi- 
tals. Respir  Care  I98S;33(  1 1  ):1044-I046. 

Article  in  journal  supplement:  (Journals  differ  in  their  methods  of 
numbering  and  identitying  supplements.  Supply  sufficient  infor- 
mation to  promote  retrieval.) 

4.  Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest 
1986:89(3.  Suppl):139S-143S. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided.  Those 
more  than  3  years  old  should  not  be  cited. ) 

5.  Stevens  DP.  Scavenging  ribav  irin  from  an  o.xygen  hood  to  reduce 
environmental  exposure  (abstract).  Respir  Care  I990;35(ll); 
1087-1088. 


Editorial  in  journal: 

6.  Enrlght  P.  Can  we  rcla.x  during  spirometry?  (editorial).  .\m  Rev 
Respir  Dis  I993;I48(2):274. 

Editorial  with  no  author  given: 

7.  Negative-pressure  ventilation  for  chronic  obstructive  pulmonary 
disease  (editorial).  Lancet  1992;34()(8833):1440-I44I. 

Letter  in  journal: 

8.  Aelony   Y,  Ethnic  norms  for  pulmonary  function  tests  (letter). 
Chest  1 99 1:99(4);  10? I. 

Paper  accepted  but  not  yet  published: 

9.  Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be 
cited  whenever  possible.) 

10.  DeRemee  RA.  Clinical  profiles  of  diffuse  interstilial  pulmonary 
disease.  New  York:  Futura.  1990:76-85. 

Corporate  author  book: 

1 1 .  American  Medical  Association  Depanment  of  Dmgs.  AMA  drug 
evaluations.  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group.  1977. 

Chapter  in  book  with  editor(s): 

12.  Pierce  AK.  Acute  respiratory  failure.  In:  GuenterCA.  Welch  MH, 
editors.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott.  1977. 

Tables.  Use  consecutively  numbered  tables  to  display  informa- 
tion. Start  each  table  on  a  separate  page.  Number  and  title  the 
table  and  give  each  column  a  brief  heading.  Place  explanations  in 
footnotes,  including  all  nonstandard  abbreviations  and  symbols. 
Key  the  footnotes  with  conventional  designations  (asterisk,  dag- 
ger, double  dagger,  etc)  in  consistent  order,  placing  them  super- 
script in  the  table  body.  Do  not  use  horizontal  or  vertical  rules  or 
borders.  Do  not  submit  tables  as  photographs,  reduced  in  size,  or 
on  oversize  paper.  Use  the  same  typeface  as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radio- 
graphs are  figures.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Number  them  con.secutively  as  Fig.  1.  Fig.  2,  and 
so  forth  according  to  the  order  by  which  they  are  mentioned  in 
the  text.  Be  sure  all  figures  are  cited.  If  any  figure  was  previ- 
ously published,  include  copyright  holder's  written  permission 
to  reproduce.  Figures  for  publication  must  be  of  professional 
quality.  Data  for  the  original  graphs  should  be  available  to  the 
Editor  upon  request.  If  color  is  essential,  consult  the  Editor  for 
more  information.  In  reports  of  animal  experiments,  use 
schematic  drawings,  not  photographs.  A  letter  of  consent  must 
accompany  any  photograph  of  a  person.  Do  not  place  titles  and 
detailed  explanations  on  figures;  put  this  information  in  figure 
captions.  If  possible,  submit  radiographs  as  prints  and  full-size 
copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  giving 
generic  names,  doses,  and  routes  of  administration.  If  desired, 
brand  names  may  be  given  in  parentheses  after  generic  names. 
Drugs  should  be  listed  on  the  product-sources  page. 
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Commercial  Products.  In  parentheses  hi  the  lexl.  identify  any 
commercial  product  (including  model  number  if  applicable)  the 
first  time  it  is  mentioned,  giving  the  manufacturer's  name,  city, 
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AARC  &  AFFILIATES 

March  13-14  in  Newport,  Rhode  Island.  The  RISRC  presents  its 
12th  Annual  Newport  Challenge.  "The  New  Wave  of  Change."  at 
the  Doubletree  Hotel.  Topics  include  market-driven  changes  in  health 
care,  therapist-driven  protocols,  home-care  dynamics,  opportuni- 
ties outside  acute  care  settings,  and  respiratory  issues  in  newborn 
transport.  Participants  can  earn  1 1  hours  ofCRCE  credit.  Contact 
I'hyllis.Shieral  (401)7.^7-2312. 

March  13-15  in  Southshorc  Lal<e  Tahoe,  California.  Chapter  9 
of  the  CSRC  presents  the  1  Sih  Annual  Tahoe  Conference,  "Setting 
the  Sails  into  the  Winds  ot  Change,"  at  the  Embassy  Suites.  CRCE 
credit  has  been  requested.  Call  Kathy  Gallego,  (5 10)  947-5373  or 
George  Rice,  (510)  947-5292. 

April  2  via  Satellite.  The  second  session  ot'the  7-part.  1996  AARC 
\  ideo  ccintcience  "Professor's  Rounds  in  Respiratory  Care"  is  "Man- 
aging the  Ventilator:  What  and  When."  The  conference  covers  set- 
ting up  the  \entilalor,  selecting  appropriate  settings,  monitoring  the 
patient,  and  making  appropriate  adjustments.  The  video  conference 
is  from  12:30-2  pm  Eastern  Time;  viewers  of  the  live  presentation 
on  April  2  or  participants  in  the  live  telephone  queslion-and-answer 
session  on  April  22  receive  1  CRCE  credit  hour.  To  register,  call 
the  AARC  at  (214)  243-2272. 

April  2-4  in  Lake  George,  New  York.  The  New  York  State  So- 
ciety for  Respiratory  Care  hosts  its  Annual  Symposium  at  the  Omni 
Sagamore  Hotel.  CRCE  credit  has  been  requested.  Call  Craig  Hilli- 
gasal  (518)  262-3563. 

April  3-5  in  Gatlinburg,  Tennessee.  The  TSRC  presents  its  annual 
conveiititMi  and  exhibition,  "Another  Walk  on  the  Wild  Side,"  at  the 
Park  Vista  Hotel  overlooking  the  Smoky  Mountains.  Sessions  cover 
clinical  management  and  student  and  home  caie  issues.  CRCE  cred- 
it has  been  requested.  Contact  Colleen  Schabacker  at  (615)  384- 1 73 1. 

April  10-12  in  Baton  Rouge.  Louisiana.  The  LSRC  announces  its 
,'\nntial  Education  Meeting.  "Respiraton  Gumbo."  at  the  Crown  Stei'- 
ling  Suites.  Tt)pics  include  intratracheal  ventilation,  a  new  technique 
for  minimal  tidal-volume  \entilalion;  quality  control;  and  integrated 
deHvery  systems  and  RC  departments.  The  convention  features  ex- 
hibits, the  Crawfish  Boil,  and  the  Pelican  Bowl  competition.  CRCE 
credit  has  been  requested.  Call  .lim  Lanoha  at  (504)  381-6542. 

April  11-12  in  Lufkin,  Texas.  Pineywoods  Chapter  of  the  TSRC 
announces  its  8th  Annual  Seminar.  Topics  include  pressure  sup- 
port/flow-by, lactic  acid  electrolyte  interpietation,  and  noninx asi\e 
ventilation.  Contact  Sheila  Sanchez  at  (409)  639-7006. 

.\pril  17-18  in  Salt  Lake  City,  Utah.  The  L  SRC  announces  its  An- 
nual Convention  at  (he  Utah  State  Fair  Park  in  the  Grand  Building. 
Dr  FoiTest  Bird  is  tlie  key  note  speaker.  Sessions  cover  lung  reduction 
procedures,  advanced  directi\es  in  living  wills,  a  fast-track  wean- 
ing protocol,  and  alternate  gases  for  ventilation.  Contact  Weber  State 
University's  Respiratory  Care  Department  at  (801 )  626-7071. 


.\pril  17-19  in  Birmingham,  .Alabama.  The  ASRC  hosts  its  An- 
nual Respiratoiy  C;ire  Conference — tiie  1996  Educational  Olympics — 
at  the  Radisson  Hotel.  AARC  President  Chariie  Brooks  presents  the 
keynote  address  on  the  role  of  the  respiratory  therapist  in  managed 
care.  Activities  include  the  .ASRC  Sputum  Bowl.  Respiratory 
Olympics,  and  exhibits.  CRCE  credit  has  been  requested.  Contact 
Karla  Gray  at  (334)  705-3790. 

April  17-19  in  Lawrence,  Kansas.  The  Kansas  Respiiatory  Care 
Society  announces  its  19th  Annual  Educatitin  Seminar.  "Somewhere 
Over  the  Rainbow  Is  Clinical  Care."  at  the  Lawrence  Holidome.  Top- 
ics include  pulmonary  clearance  techniques,  asthma,  graphic  wave- 
form and  loop  analysis  in  mechanical  \entilation,  and  xolunie  re- 
duction for  emphysema.  CRCE  credit  has  been  requested.  Contact 
Pat  Munzerat  (913)  231-1010,  extension  1284. 

April  18-19  in  Palm  Springs,  California.  Chapter  2  of  the  CSRC 
piesents  "Bright  Horizons  iii  Respiratoiy  Care."  at  the  HyaU  Regency 
Suites.  Presentations  include  new  modes  of  mechanical  ventilation, 
invasive  pulmonology,  and  clinical  application  of  metabolic  mon- 
itoring. CRCE  credit  has  been  requested.  Contact  Tom  Taylor  at  the 
following  phone/fa\  number:  (909)  777-3214. 

April  24  -25  in  Waterbury,  Connecticut.  The  CSRC  presents  its 
annual  "Super  Symposium"  at  the  Four  Points  Sheraton.  Confer- 
ence topics  include  bronchoscopy,  weaning  protocols,  pulmonaTy 
rehabilitation,  and  risk  management.  Contact  Ke\  in  Kenny  at  (203) 
545-32 1 2  or  Kathy  Glenn-Nadal  at  (800)  882-000 1 ,  extension  42. 

April  24-26  in  Bismarck,  North  Dakota.  Tlie  NDSRC  hosts  its  An- 
nual l-,ducalioiial  S)nipositim.  lealuring  keynote  speaker Patinck  Rey- 
nolds. Topics  include  ventilator  management,  pulmonary  rehabilitation, 
cystic  fibrosis,  and  pediatric  assessment.  Call  (701 )  224-7870. 

April  25-26  in  Little  Rock,  Arkansas.  The  .XSRC  and  .Arkansas 
Chiklien's  Hospit.il  present  the  Diamond  Conference,  featuring  ses- 
sions on  pediatric/infant  pulmonary  functions,  partial  liquid  ven- 
tilation, and  weaning  from  mechanical  ventilation.  Lunch  time  tu- 
torials include  sessions  on  asthma  and  therapist-driven  protocols. 
Conlacl  Mike  .Anders  or  Kathy  Boyle.  Respiratory  Care  Ser\  ices, 
Arkansas  Children's  Hospital,  Slot  303.  8(K)  Marshall  St.  Little  Rock 
AR  72202,  (501 )  320-3535,  fax  (501 )  320-.A4I  I. 

April  30-May  3  in  Dearborn.  Michigan.  The  MSRC  announces 
its  annual  meeting,  "Crossroads  of  Opporltinity,"  at  the  Hyatt  Re- 
gency. Activities  include  a  Basic  Life  Support  Instructor  course  and 
sessions  covering  assessment,  therapist-driven  protocols,  health  care 
reform,  and  marketing  the  RC  department.  Contact  the  MSRC  of- 
fice at  (517)  336-7605. 

.May  1-3  in  Sioux  Falls,  South  Dakota.  Ihe  SDSRC  hosts  its  an- 
nual meeting  at  the  Howard  Johnson.  Dr  Forrest  Bird,  the  keynote 

speaker,  addresses  the  role  of  cardiopulmonaiy  practitioners  and  air- 
way management.  Other  acti\  ities  include  an  .A.ARC  update  and  lec- 
tures on  cystic  fibrosis,  asthma,  pulmonary  rehabilitation,  and  sur- 
i;ical  alternatives  to  obstructive  lung  disease,  each  preceded  by  case 
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study  presentations.  CRCE  credit  has  been  requested.  Contact  Mary 
Reinesch  at  (605)  333-6477. 

May  18-21  in  Spokane,  Washington.  The  Respiratory  Care  So- 
ciety otW'ashinyton  announces  the  23rd  Annual  Pacific  Northwest 
Regional  Respiratory  Care  Conference  at  Cavanaugh's  Inn  at  the 
Park.  Sessions  cover  topics  in  management,  pediatrics,  education, 
pulmonar)'  functions,  skilled  nursing  facilities,  ;uid  critical  care.  Health- 
care equipment  is  on  display  for  two  days;  other  activities  include 
a  volleyball  toumament  and  a  boat  cruise.  Contact  Bob  Bonner,  Chair 
of  the  Health,  Education  and  PE  Division,  Highline  Community  Col- 
lege, PO  Box  98000.  Des  Moines  WA  98198,  (206)  878-3710.  ex- 
tension 3469. 


aged  care,  iinplementing  RC  protocols,  and  sleep  smdies.  CRCE  cred- 
it has  been  requested.  Contact  the  University  of  Texas  Health  Sci- 
ence Center  at  San  Antonio,  Department  of  Respiratory  Care,  7703 
Floyd  Curl  Dr.  San  Antonio  TX  78284-7784.  (210)  567-3706. 

May  1-June  30 — Management  Training  Institute.  The  deadline 
to  enroll  in  Module  2  (Communication  Skills  and  Managerial  Ac- 
counting Part  I )  and  Module  6  (Business  and  Health  Law  and  Or- 
ganizational Behavior)  of  the  Management  Training  Institute  IMTI) 
Independent  Study  Program  is  April  I .  MTI  is  an  8-module  pro- 
gram of  the  AARC  and  Indiana  University.  Sign  up  now  to  earn 
the  MTI  Certificate  in  Management  Development.  Call  Barbara 
Hakes  at  (317)  274-4475. 


May  21  via  Satellite.  The  third  session  of  the  7-pan  1996  AARC 
video  conference  "Professor's  Rounds  in  Respiratory  Care"  is  "Man- 
aging Demand  for  Respiratory  Care  Services."  Viewers  may  learn 
how  to  identify  the  major  components  of  a  successful  utilization  con- 
trol program  and  potential  demand  management  roles  outside  the 
acute  care  facility.  The  conference  is  12:30-2  pm  Eastern  Time;  view- 
ers of  the  live  presentation  on  May  21  or  participants  in  the  live  tele- 
phone question-and-answer  session  on  June  10  receive  I  CRCE  cred- 
it hour.  To  register,  call  the  AARC  at  (214)  243-2272. 

May  24  in  Weirs  Beach,  New  Hampshire.  The  Vermont-New 
Hampshire  Society  for  Respiratory  Care  presents  its  "CE  (Continuing 
Education)  Cruise. .  .IV"  aboard  the  Motor  Vessel  Mount  Washington. 
CRCE  credit  has  been  requested.  Contact  Bill  Hay  at  (603)  267-7406. 

May  24  in  San  .\ntonio,  Texas.  The  TSRC  (Alamo  District),  in 
conjunction  with  the  University  of  Texas  Health  Science  Center  at 
San  Antonio,  and  Wilford  Hall  Medical  Center,  announce  the  1st 
Annual  Riverwalk  Respiratory  Symposium  at  the  Mamott  River- 
walk.  Topics  include  the  future  of  respiratory  care,  the  impact  of  man- 


OTHER  MEETINGS 

March  28-29  in  Rosemont,  Illinois.  Plutonia  Associates  Inc.  and 
the  Triton  College  Continuing  Education  Center  for  Health  Pro- 
fessionals invite  you  to  attend  the  Neonatal  and  Pediatric  Respira- 
tory Care  Conference  at  the  Holiday  Inn  O'Hare  (Holidome).  The 
conference  features  speakers  from  the  Chicago  area  addressing  me- 
chanical ventilation,  trauma,  home  care,  and  abuse;  a  panel  discussion 
on  advanced  directives  is  planned.  The  conference  also  features  ex- 
hibits. Continuing  education  credit  has  been  requested  for  RCPs.  reg- 
istered nurses,  and  physicians.  Contact  Wanda  M  Manning  at  (708) 
456-0300.  extension  3767. 

May  10-15  in  New  Orleans,  Louisiana.  The  American  Lung  As- 
sociation/American Thoracic  Society  hosts  its  annual  International 
Conference.  The  conference  features  information  on  the  preven- 
tion, control,  and  management  of  lung  disea.se.  For  more  infonnation. 
write  to  the  1996  International  Conference,  ALA/ATS,  1740  Broad- 
way. New  York  NY  10019-4374. 


42"''  International  Convention  &  Exhibition 
November  3-6  •  San  Diego,  California 
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The  Bear- 1000  Ventilator 
with  SmartTrigger: 

The  intelligent  system  that  triggers  by  pressure  or  flow. 


Some  patients  trigger  ventilation  on  pressure.  Others 
trigger  more  effectively  on  flow.  Only  the  Bear  1000 
Ventilator  accommodates  both. . .  with  the  innovative 
SmartTrigger  option. 

SmartTrigger  actually  thinks  for  itself.  Once  you  set 
independent  flow  and  pressure  thresholds,  SmartTrigger 
applies  computer  logic  to  evaluate  patient  demand. 
It  then  triggers  a  breath  with  either  pressure  or  flow — 
whichever  is  fastest. 

No  other  adult/pediatric  critical  care  ventilator  offers 
you  this  patient  management  option.  No  other  ventilator 
works  harder  to  make  ventilation  easier  on  your  patient. 

The  Bear  1000  Ventilator  also  offers  other  options 
that  help  bring  it  and  your  patient  into  closer  harmony; 


Pressure  augmentation...  assures  patient/ventila- 
tor synchrony  with  superior  flow  demand  matching,  all 
while  ensuring  a  minimum  tidal  volume  delivery. 

Pressure  slope...  tailors  rise  time  to  the  inspiratory 
pressure  level,  more  closely  matching  gas  delivery  to 
clinical  requirements. 

PC-SIMV...  offers  ;;idepe)7dent  pressure  control  and 
pressure  support,  at  target  pressures  you  set  for  all 
demand  breaths. 

The  Bear  1000  Ventilator.  From  the  moment  you 
turn  it  on,  you  can  sense  its  inherent  intelligence. 
Learn  more  about  SmartTrigger  and  the  Bear  1000 
Ventilator  from  your  Allied  Healthcare  representative, 
or  call  1-800-232-7633. 


INTRODUCING 
3  NEW  Technologies  in  Arterial  Blood  Sampling 


terial  Blood  Gas  Syst 


NEW,  Advanced  ASPIR-PULSE'  Syringe 


Patented  design  improves  filling  for  both 
Aspiration  and  Pu/sat\on  techniques 


NEW,  Purge  Guard'' 

One-Handed  Safety  Needle  Venting  System 


Patent-pending  design  allows  OneHanded  operation 
to  immediately  Purge  Air  Bubbles,  immediately 
Guard  the  needle  point  and  immediately  free  the 
other  hand  to  apply  pressure  at  the  puncture  site 


NEW,  Total  Ca++  Lyte 

Precision  Heparin 


TM 


^ 

^1^ 


A  breakthrough  patented  heparin  to  maximize  the 
precision  of  test  results  obtained  from  the  new  critical- 
care  blood  gas  and  critical  analyte  analyzers 


See  your  Sherwood  Medical  OR  /Critical  Care  Sales  Representative  or  call  1-800-325-7472  for  a  complete  listing  of 

ASPIR-/»i//xe    Arterial  Blood  Gas  Kits, 
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